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TREATMENT OF CEREBROVASCULAR DISEASE 

This application is being filed as a PCT application by MEDICURE, INC., a 
5 Canadian national and resident, designating all countries except US. 

FIELD OF THE INVENTION 
This invention relates to a method of treating a cerebrovascular disease, 
including stroke. A method of treating a cerebrovascular disease includes 
10 administering pyridoxal-5 -phosphate, pyridoxal, pyridoxine, pyridoxamine, 3- 
acylated analogues of pyridoxal, 3-acylated analogues of pyridoxal-4,5-aminal, 
pyridoxine phosphonate analogues, or a pharmaceutical composition thereof. 

BACKGROUND 

15 Cerebrovascular disease includes any abnormality of the brain resulting from 

a pathologic process of a blood vessel. A pathologic process of a blood vessel 
includes any one or more of the following: an occlusion of a blood vessel lumen by 
thrombus or embolus, a rupture of a blood vessel, an altered permeability of a blood- 
vessel wall, and increased viscosity or other change in the quality of blood. 

20 Cerebrovascular disease is typically readily diagnosable because of how it 

manifests. Cerebrovascular disease typically manifests as a stroke. A stroke can be 
characterized as a sudden nonconvulsive, focal neurologic deficit. That is, stroke 
can be characterized as the death of brain tissue that results from lack of blood flow 
and insufficient oxygen to the brain. After heart disease and cancer, stroke is the 

25 leading cause of death in the United States. In the United States, there are 

approximately 500,000 cases of stroke annually. And these 500,000 cases give rise 
to about 1 75,000 fatalities. 

A stroke can be ischemic or hemorrhagic. In an ischemic stroke, the blood 
supply to part of the brain is reduced or terminated either by a blood clot that blocks 

30 a blood vessel or by atherosclerosis. Reducing or terminating blood flow to the brain 
is known as cerebral ischemia. Cerebral ischemia can last for seconds to minutes, 
and when cerebral ischemia occurs for more than a few minutes, infarction of brain 
tissue results. A blood vessel can be blocked by a blood clot that arises from 
thrombus or embolus. Yet cerebral ischemia can also arise from the failure of 
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circulation and hypotension from severe and prolonged cardiac decompensation or 
shock. 

In a hemorrhagic stroke, the brain is damaged by a blood vessel bursting, 
which prevents normal blood flow and allows blood to leak into an area of the brain. 
5 In some instances, the blood leaks from a small artery. When blood leaks into the 
brain, a hematoma is formed in the brain and blood can spread into ventricles and 
subarachnoid space. 

In cerebral hemorrhage, blood leaks from the vessel (usually a small artery) 
directly into the brain forming a hematoma, and the blood spreads into the ventricles 
10 and subarachnoid space. The hematoma can cause physical disruption of the brain 
tissue and pressure on the surrounding brain areas. When the blood leakage stops, 
the hematoma can slowly disintegrate and be absorbed over a period of weeks and 
months. 

Several factors, including hypertension, heart disease, atrial fibrillation, 
15 diabetes mellitus, cigarette smoking of long duration, hyperlipidemia, use of birth 
control pills, and systemic diseases associated with a hypercoagulable state, are 
known to increase the susceptibility of individuals to stroke. 

It is desirable to develop treatments for cerebrovascular disease, including 
cerebral hemorrhage, cerebral ischemia, ischemic stroke, hemorrhagic stroke, and 
20 ischemic reperfusion injury arising from reintroduction of blood flow following 
cerebral ischemia or ischemic stroke. 



SUMMARY OF THE INVENTION 

The invention includes methods for treating cerebrovascular disease. In one 

25 aspect, the invention includes a method for treating cerebral ischemia, cerebral 

hemorrhage, ischemic stroke, hemorrhagic stroke, or ischemic reperfusion injury 

resulting from reintroduction of blood flow following cerebral ischemia or ischemic 

stroke. A method of the invention includes administering one or more therapeutic 

compounds such as pyridoxal-5 f -phosphate, pyridoxine, pyridoxal, and 

3 0 pyridoxamine. 

In another aspect, the invention is directed to a method for treating cerebral 

ischemia, cerebral hemorrhage, ischemic stroke, hemorrhagic stroke, or ischemic 

reperfusion injury resulting from reintroduction of blood flow following cerebral 

ischemia or ischemic stroke by administering one or more therapeutic compounds 
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such as 3-acylated analogues of pyridoxal, 3-acylated analogue of pyridoxal-4,5- 
aminal, or a pharmaceutical composition thereof. 

In another aspect, the invention is directed to a method for treating cerebral 
ischemia, cerebral hemorrhage, ischemic stroke, hemorrhagic stroke, or ischemic 
5 reperfusion injury resulting from reintroduction of blood flow following cerebral 
ischemia or ischemic stroke by administering one or more therapeutic compounds 
such as pyridoxine phosphonate analogues, or a pharmaceutical composition thereof. 

In another aspect, the invention is directed to pharmaceutical compositions 
that include a phannaceutically acceptable carrier and a therapeutically effective 
1 0 amount of a therapeutic compound selected from pyridoxal-5 f -phosphate, pyridoxal, 
pyridoxine, pyridoxamine, 3-acylated analogues of pyridoxal, 3-acylated analogues 
of pyridoxal-4,5-aminal, pyridoxine phosphonate analogues, or phamaceutically 
acceptable salts thereof, for treating a cerebral vascular disease. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows pyridoxal and pyridoxal-5-phosphate plasma levels in rats 
after administration of pyridoxal-5-phosphate. 

Figure 2 shows pyridoxal and pyridoxal-5-phosphate plasma levels in rats 
after administration of 3-pivaloylaminal. 
20 Figure 3 shows pyridoxal and pyridoxal-5-phosphate plasma levels in rats 

after administration of 3-dimethylcarbamoylaminal. 

Figure 4 shows pyridoxal and pyridoxal-5 f -phosphate plasma levels in rats after 
administration of 3-acetylsalicoylaminal. 

25 DESCRIPTION OF THE INVENTION 

The recitation of numerical ranges by endpoints includes all numbers and 
fractions subsumed within that range (e.g. 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, 
and 5). 

All numbers and fractions thereof are presumed to be modified by the term 
30 "about." 

It is to be understood that "a," "an," and "the" include plural referents unless 
the content clearly dictates otherwise. Thus, for example, reference to a composition 
containing "a compound" includes a mixture of two or more compounds. 
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Some of the compounds described herein contain one or more asymmetric 
centers and may thus give rise to enantiomers, diasteriomers, and other 
stereoisomeric forms which may be defined in terms of absolute stereochemistry as 
(R)- or (S)-. The present invention is meant to include all such possible 
5 diasteriomers and enantiomers as well as their racemic and optically pure forms. 
Optically active (R)- and (S)- isomers may be prepared using chiral synthons or 
chiral reagents, or resolved using conventional techniques. When ce compounds 
described herein contain olefinic double bonds or other centers of geometric 
asymmetry, and unless specified otherwise, it is intended that the compounds 

10 include both E and A geometric isomers. Likewise all tautomeric forms are 
intended to be included. 

The invention is directed to methods of treating cerebrovascular disease by 
administering pyridoxal-5 '-phosphate (PLP, and also called P5P), pyridoxal, 
pyridoxine, pyridoxamine, 3-acylated analogues of pyridoxal, 3-acylated analogue 

15 of pyridoxal-4,5-aminal, pyridoxine phosphonate analogues, or a pharmaceutical 
composition thereof. 

Cerebrovascular disease as used herein includes, for example, any 
abnormality of the brain resulting from a pathologic process of a blood vessel. A 
pathologic process of a blood vessel includes any one or more of the following: an 

20 occlusion of a blood vessel lumen by thrombus or embolus, a rupture of a blood 
vessel, an altered permeability of a blood-vessel wall, and increased viscosity or 
other change in the quality of blood. 

Examples of cerebrovascular disease include cerebral ischemia, cerebral 
hemorrhage, ischemic stroke, hemorrhagic stroke, and ischemia reperfusion injury 

25 resulting from reintroduction of blood flow following cerebral ischemia or ischemic 
stroke. 

Ischemia is a condition in which an organ or a part of the body fails to 
receive a sufficient blood supply. When an organ is deprived of a blood supply, it is 
said to be hypoxic. An organ will become hypoxic even when the blood supply 
30 temporarily ceases, such as during a surgical procedure or during temporary artery 
blockage. Ischemia initially leads to a decrease in or loss of contractile activity. 
When cerebral ischemia is of sufficient severity and duration, cell injury can 
progress to cell death. 
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When blood flow resumes to an organ after temporary cessation, this is 
known as ischemic reperfiision of the organ. Conditions observed with ischemia 
reperfusion injury include neutrophil infiltration, necrosis, and apoptosis. 

Although this invention is not limited to any particular theory, an analogue 
5 according to the invention can be advantageous for absorption and concentration. 
To enhance absorption from the digestive tract and across biological membranes, 
polar groups on a drug molecule can be blocked with lipophilic functions that will 
be enzymatically cleaved off from the drug after absorption into the circulatory 
system. Lipophilic moieties can also improve site-specificity and bioavailability of 

1 0 the drug. The speed at which the blocking groups are removed can be used to 

control the rate at which the drug is released. The blocking of polar groups on the 
drug can also slow first-pass metabolism and excretion. Phenolic hydroxy groups 
are particularly susceptible to glucoronidation and/or sulfonation, reactions that 
often precede excretion. To reduce metabolism and excretion of phenolic drugs, an 

1 5 ester can be used. An ester is a common blocking group that is readily hydrolyzed 
from the drug by endogenous esterases. Bundgaard, Design and Application of 
Prodrugs in A Textbook of Drug Design and Development Ch. 5 (Krogsgaard- 
Larson & Bundgaard, eds., Hardwood Academic Publishers, Reading, United 
Kingdom 1991). 

20 Pyridoxal-5 f -phosphate, pyridoxal, pyridoxine, pyridoxamine, 3-acylated 

analogues of pyridoxal, 3-acylated analogue of pyridoxal-4,5-aminal, pyridoxine 
phosphonate analogues, or pharmaceutical compositions thereof can be used in the 
treatment of the above-identified diseases. "Treatment" and "treating" as used 
herein include preventing, inhibiting, and alleviating cerebrovascular diseases and 

25 related symptoms as well as healing the ischemia-related conditions or symptoms 
thereof affecting the brain. 

For treatments of the invention, a therapeutic compound including any one or 
more of pyridoxal-S'-phosphate (PLP, and also called P5P), pyridoxal, pyridoxine, 
pyridoxamine, 3-acylated analogues of pyridoxal, 3-acylated analogue of pyridoxal- 

30 4,5-aminal, pyridoxine phosphonate analogues, or pharmaceutical compositions 

thereof can be administered in a therapeutically effective amount to a patient before, 
during and after any above-mentioned condition arises. 

A "therapeutically effective amount" as used herein includes a prophylactic 
amount, for example, an amount effective for preventing or protecting against 
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cerebrovascular disease or symptoms thereof and amounts effective for alleviating 
or healing cerebrovascular disease or symptoms thereof. For example, a 
therapeutically effective amount includes an amount suitable for preventing or 
protecting against cerebral ischemia, cerebral hemorrhage, ischemic stroke, 
5 hemorrhagic stroke, or ischemic reperfusion injury resulting from reintroduction of 
blood flow following ischemic stroke or cerebral ischemia. Moreover, a 
therapeutically effective amount includes an amount suitable for alleviating or 
healing cerebral ischemia, cerebral hemorrhage, ischemic stroke, hemorrhagic 
stroke, or ischemic reperfusion injury resulting from reintroduction of blood flow 

1 0 following ischemic stroke or cerebral ischemia. 

A therapeutic compound can be administered prior to ischemia to prevent, 
inhibit, or protect against ischemia reperfusion injury to the brain. In an alternative 
embodiment, a composition of the invention can be administered during or 
following ischemia (including during or following reperfusion) to alleviate or heal 

1 5 ischemia reperfusion injury of the brain. 

In one aspect, the invention is directed to a method of treating 
cerebrovascular disease such as, for example, cerebral ischemia, cerebral 
hemorrhage, ischemic stroke, hemorrhagic stroke, and ischemia reperfusion injury 
resulting from reintroduction of blood flow following cerebral ischemia or ischemic 

20 stroke in mammals comprising administering to the mammal a therapeutically 
effective amount of a therapeutic compound. 

Therapeutic Compounds Suitable for Use in Methods of the Invention 

In one embodiment, a therapeutic compound includes any one or more of 
25 pyridoxal-S'-phosphate, pyridoxal, pyridoxine, pyridoxamine, or a pharmaceutically 
acceptable salt thereof. 

Pyridoxal-5'-phosphate (PLP), an end product of vitamin B6 metabolism, 
plays a vital role in mammalian health. Vitamin B 6 typically refers to pyridoxine, 
which is chemically known as 2-methyl-3-hydroxy-4,5-di(hydroxymethyl)pyridine 
30 and is represented by formula I: 
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HO 



CHjOH 

XX 



H 3 C N 



Yet two additional compovinds, pyridoxal of formula II 

CHO 

HO^^L^CH^OH 



HjC 



and pyridoxamine of formula III 



n 



CHjN^ 




CH 2 OH 



ni, 

are also referred to as vitamin Bg. All three compounds serve as precursors to 
10 pyridbxal-S'-phosphate (PLP), which is chemically known as 3-hydroxy-2-methyl-5- 
[(phosphonooxy) methyl]-4-pyridine-carboxaldehyde and is represented by formula 
IV: 



HO. 



CHO 


O 
OH 


V 


N 





OH 



15 IV 

PLP is the biologically active form of vitamin B6 inside cells and in blood 

plasma. Mammals cannot synthesize PLP de novo and must rely on dietary sources 

of the precursors pyridoxine, pyridoxal, and pyridoxamine, which are metabolized to 

PLP. For instance, mammals produce PLP by phosphorylating pyridoxine by action 

20 of pyridoxal kinase and then oxidizing the phosphorylated product. 

PLP is a regulator of biological processes and a co factor in more than 100 

enzymatic reactions. It has been shown to be an antagonist of a purinergic receptor, 
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thereby affecting ATP binding; it has been implicated in modulation of platelet 
aggregation; it is an inhibitor of certain phosphatase enzymes; and it has been 
implicated in the control of gene transcription. PLP is also a coenzyme in certain 
enzyme-catalyzed processes, for example, in glycogenolysis at the glycogen 
5 phosphorylase level, in the malate asparatate shuttle involving glycolysis and 
glycogenolysis at the transamination level, and in homocysteine metabolism. In 
previous patents (US 6,051,587 and US 6,043,259) the role of pyridqxal-5*- 
phosphate, and its precursors pyridoxal and pyridoxine (vitamin Be), in mediating 
cardiovascular health and in treating cardiovascular related diseases has been 
10 disclosed. 

Therapeutic compounds also include any one or more of the 3-acylated 
analogues of pyridoxal represented by formula V: 



where 

15 Ri is alkyl, alkenyl, in which alkyl or alkenyl can be interrupted by nitrogen, 

oxygen, or sulfur, and can be unsubstituted or substituted at the terminal 
carbon with hydroxy, alkoxy, alkanoyloxy, alkanoyloxyaryl, 
alkoxyalkanoyl, alkoxycarbonyl, or 
Rl is dialkylcarbamoyloxy; alkoxy; dialkylamino; alkanoyloxy; 

20 alkanoyloxyaryl; alkoxyalkanoyl; alkoxycarbonyl; dialkylcarbamoyloxy; 



hydrocarbon redicals, such as, for example, methyl, ethyl, propyl, isopropyl (1- 



CHO 




or 



Rl is aryl, aryloxy, arylthio, or aralkyl, in which aryl can be substituted by 



alkyl, alkoxy, amino, hydroxy, halo, nitro, or alkanoyloxy; 
or a pharmaceutically acceptable salt thereof. 
The term "alkyl" includes a straight or branched saturated aliphatic 



methylethyl), 




, butyl, tert-butyi (1,1-dimethylethyl), and the like. 
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The term "alkenyl" includes an unsaturated aliphatic hydrocarbon chain 



having from 2 to 8 carbon atoms, such as, for example, ethenyl, 1-propenyl, 2- 
propenyl, 1-butenyl, 2-methyl- 1-propenyl, and the like. 

The above alkyl or alkenyl can optionally be interrupted in the chain by a 
5 heteroatom, such as, for example, a nitrogen, sulfur, or oxygen atom, forming an 
alkylaminoalkyl, alkylthioalkyl, or alkoxyalkyl, for example, methylaminoethyl, 
ethylthiopropyl, methoxymethyl, and the like. 

The above alkyl or alkenyl can optionally be substituted at the terminal 
carbon by hydroxy, alkoxy, alkanoyloxyaryl, alkanoyloxy, alkoxyalkanoyl, 
10 alkoxycarbonyl, or dialkylcarbamoyloxy. 

The term "alkoxy" (i.e. alkyl-O) includes alkyl as defined above joined to 
an oxygen atom having preferably from 1 to 4 carbon atoms in a straight or branched 
chain, such as, for example, methoxy, ethoxy, propoxy, isopropoxy (1- 
methylethoxy), butoxy, tert-butoxy (1,1-dimethylethoxy), and the like. 
15 The term "dialkylamino" includes two alkyl groups as defined above joined 

to a nitrogen atom, in which alkyl has preferably 1 to 4 carbon atoms, such as, for 
example, dimethylamino, diethylamino, methylethylamino, methylpropylamino, 
diethylamino, and the like. 



20 Examples of alkanoyloxy include methanoyloxy, ethanoyloxy, propanoyloxy, and 
the like. Examples of alkyl substituted at the terminal carbon by alkanoyloxy 
include 1 -ethanoyloxy- 1-methylethyl, propanoyloxy- 1-methylethyl, and the like. 



25 methanoyloxyphenyl, ethanoyloxyphenyl, propanoyloxyphenyl, and the like. 

The term "aryl" refers to imsaturated aromatic carbocyclic radicals having a 

single ring, such as phenyl, or multiple condensed rings, such as naphthyl or anthryl. 

The term "aryl" also includes substituted aryl comprising aryl substituted on a ring 

by, for example, C1-4 alkyl, C1-4 alkoxy, amino, hydroxy, phenyl, nitro, halo, 
30 carboxyalkyl or alkanoyloxy. Aryl groups include, for example, phenyl, naphthyl, 

anthryl, biphenyl, methoxyphenyl, halophenyl, and the like. 



The term "alkanoyloxy" includes a group of the formula 




The term "alkanoyloxyaryl" includes a group of the formula 



O 

(ADc-C— O— Ar ) 



. Examples of alkanoyloxyaryl include 
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The term "aryloxy" (i.e. aryl-O-) includes aryl having an oxygen atom 
bonded to an aromatic ring, such as, for example, phenoxy and naphthoxy. 

The term "arylthio" (i.e. aryl-S-) includes aryl having a sulfur atom bonded 
to an aromatic ring, such as, for example, phenylthio and naphthylthio.. 
5 The term "aralkyl" refers to an aryl radical defined as above substituted with 

an alkyl radical as defined above (e.g. aryl-alkyl-). Aralkyl groups include, for 
example, phenethyl, benzyl, and naphthylmethyl.. 

Aryl from any. of aryl, aryloxy, arylthio, aralkyl, and alkanoyloxyaryl can be 
unsubstituted or can be substituted on a ring by, for example, Cm alkyl, Cm alkoxy, 
10 amino, hydroxy, nitro, halo, or alkanoyloxy. Examples of substituted aryl include 
toluyl, methoxyphenyl, ethylphenyl, and the like. 

The term ,f alkoxy alkanoyl" includes a group of the formula 

_ x 

(ADc o Alk ) Examples of alkoxyalkanoyl include (2-acetoxy-2- 

methyl)propanyl, 3-ethoxy-3-propanoyl, 3-methoxy-2-propanoyl, and the like. 
15 The term "alkoxycarbonyl" includes a group of the formula 

_ 

(Alk O c ) Examples of alkoxycarbonyl include methoxycarbonyl, 
ethoxycarbonyl, propoxycarbonyl, and the like. 

The term "dialkylcarbamoyloxy" includes a group of the formula 

O 

"n— c — o— J 

' . Examples of dialkylcarbamoyloxy include dimethylamino- 
20 methanoyloxy, 1 -ethyl- 1-methylaminomethanoyloxy, and the like. Examples of 
alkyl substituted at the terminal carbon by alkanoyloxy include dimethylamino-1- 
methylethyl, 1-ethyH-methylaminomethanoyloxy-l-methlethyl, and the like. 
The term "halo" includes bromo, chloro, and fluoro. 
Ri groups for compounds of formula V can be toluyl, naphthyl, phenyl, 
25 phenoxy, dimethylamino, 2,2-dimethylethyl, ethoxy, (2-acetoxy-2-methyl)propanyl, 
1-ethanoyloxy-l-methylethyl, tert-butyl, acetylsalicyl, and ethanoyloxyphenyl. 
Preferred Ri groups for compounds of formula V are toluyl or naphthyl. 

Such 
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10 



9 

Ri groups when joined with a carbonyl group form an acyl group 1 which 
preferred for compounds of formula V include toluoyl or y#-naphthoyl. Of the 
toluoyl group, the /^-isomer is more preferred. 

Examples of 3-acylated analogues of pyridoxal include, but are not limited 
to, 2-methyl-3-toluoyloxy-4-formyl-5-hydroxymethylpyridine and 2-methyl-y3- 
naphthoyloxy^-fonnyl-5-hydroxymethylpyridine. I 

Therapeutic compounds also include any one or more of the 3-acylated 
analogues of pyridoxal-4,5-aminal represented by formula VI: 




VI 



where 

Ri is alkyl, alkenyl, in which alkyl or alkenyl can be interrupted by nitrogen, 
oxygen, or sulfur, and can be unsubstituted or substituted at the terminal 
carbon with hydroxy, alkoxy, alkanoyloxy, alkanoyloxyaryl, 
15 alkoxyalkanoyl, alkoxycarbonyl, or dialkylcarbamoyloxy; or 

Ri is alkoxy; dialkylamino- alkanoyloxy; alkanoyloxyaryl; alkoxyalkanoyl; 
alkoxycarbonyl; dialkylcarbamoyloxy; or 

Ri is aryl, aryloxy, arylthio, or aralkyl, in which aryi can be substituted by 
alkyl, alkoxy, amino, hydroxy, halo, nitro, or alkanoyloxy; 
20 R2 is a secondary amino group; 

or a pharmaceutically acceptable salt thereof. 

The terms "alkyl," "alkenyl," "alkoxy," "dialkylamino," "alkanoyloxy," 
"alkanoyloxyaryl," "alkoxyalkanoyl," "alkoxycarbonyl," "dialkylcarbamoyloxy," 
"halo," "aryl," "aryloxy," "arylthio," and "aralkyl" are as defined above for formula 
25 VI. 

The term "secondary amino" group includes a group of formula VII: 



11 



WO 01/72309 



PCT/IB01/00688 



R 3 



\ 



R; 



N — 



vn 



derived from a secondary amine R3R4NH, in which R3 and R4 are each 
independently alkyl, alkenyl, cycloalkyl, aryl, or, when R 3 and R4 are taken together, 
5 may form a ring with the nitrogen atom and which may be interrupted by a 

heteroatom, such as, for example, a nitrogen, sulfur, or oxygen atom. The terms 
"alkyl, 11 "alkenyl," and "aryl" are used as defined above in forming secondary amino 
groups such as, for example, dimethylamino, methylethylamino, diethylamino, 
dialkylamino, phenylmethylamino, diphenylamino, and the like. 

10 The term "cycloalkyl" refers to a saturated hydrocarbon having from 3 to 8 

carbon atoms, preferably 3 to 6 carbon atoms, such as, for example, cyclopropyl, 
cyclopentyl, cyclohexyl, and the like. 

When R 3 and R4 are taken together to form a ring with the nitrogen atom, a 
cyclic secondary amino group, such as, for example, piperidino, can be formed. 

15 And, when the cyclic secondary amino group is interrupted with a heteroatom, a 
group such as, for example, piperazino or morpholino can be formed. 

Ri groups for compounds of formula VI can be toluyl, naphthyl, phenyl, 
phenoxy, dimethylamino, 2,2-dimethylethyl, ethoxy, (2-acetoxy-2-methyl)propanyl, 
1-ethanoyloxy-l-methylethyl, fert-butyl, acetylsalicyl, and ethanoyloxyphenyl. 

20 Preferred Ri groups for compounds of formula VI include toluyl, e.g.,/?- 

toluyl, naphthyl, tert-butyl, dimethylamino, acetylphenyl, hydroxyphenyl, or alkoxy, 
e.g., methoxy. Such Ri groups when joined with a carbonyl group form an acyl 

f? 

group RlC ~~ which preferred for compounds of formula VI include toluoyl, J3- 
naphthoyl, pivaloyl, dimethylcarbamoyl, acetylsalicyloyl, salicyloyl, or 
25 alkoxycarbonyl. A preferred secondary amino group may be morpholino. 

Examples of 3-acylated analogues of pyridoxal-4,5-aminal include, 
but are not limited to, 1 -morpholino- l,3-dihydro-7-(p-toluoyloxy)-6-methylfuro(3, 4- 
c)pyridine; 1 -morpholino- 1 ,3-dihydro-7-05-naphthoyloxy)-6-methylfuro(3,4- 
c)pyridine; 1 -morpholino- 1 ,3-dihydro-7-pivaloyloxy-6-methylfuro(3 ,4-c)pyridine; 
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10 



15 



20 



25 



l-morpholmo-l,3-dihydro-7^ and 1- 

morpholino- 1 3-dihydro-7-acetylsaUcyloxy-6-methylftu-o(3,4-c)pyridine. 

Therapeutic compounds include any one or more pyridoxal phosphonate 
analogues represented by the formula VIE: 



Ri is hydrogen or alkyl; 

R 2 is -CHO, -CH 2 OH, -CH 3 , -C0 2 R6 in which is hydrogen, alkyl, or aryl; 
or R 2 is -CH 2 _0-alkyl- in which alkyl is covalently bonded to the oxygen at 
the 3-position instead of R\ ; 

R 3 is hydrogen and R4 is hydroxy, halo, alkoxy, alkanoyloxy, alkylamino or 

arylamino; or 
R3 and R4 are halo; and 

R 5 is hydrogen, alkyl, aryl, aralkyl, or -C0 2 R 7 in which R 7 is 

hydrogen, alkyl, aryl, or aralkyl; 
or a pharmaceutical^ acceptable salt thereof. 

The terms "alkyl," "alkoxy," "alkanoyloxy," "halo," "aryl," and "aralkyl" are 
as defined above for formula VL 

The term "alkylamino" refers to -NH-alkyl with alkyl as defined above. 
Alkylamino groups include those with 1-6 carbons in a straight or branched chain, 
such as, for example, methylamino, ethylamino, propylamino, and the like. 

The term "arylamino" refers to -N-aryl with aryl as defined above. 
Arylamino includes -NH-phenyl, -NH-biphenyl, -NH-4-methoxyphenyl, and the 
like. 

Examples of compounds of formula VHI include those where R\ is 
hydrogen, or those where R 2 is -CH 2 OH, or -CH 2 .0-alkyl- in which alkyl is 
covalently bonded to the oxygen at the 3rposition instead of Ri, or those where R3 is 
hydrogen and R4 is F, MeO- or CH 3 C(0)0-, or those where R 5 is alkyl or aralkyl. 
Additional examples of compounds of formula VTH include those where R 3 and R4 
are F, or those where R 5 is t-butyl or benzyl. 
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Therapeutic compounds further include any one or more pyridoxal 
phosphonate analogues represented by the formula DC: 

R3 OR 4 
IX 

in which 

Ri is hydrogen or alkyl; 

R 2 is -CHO, -CH 2 OH, -CH 3 or -C0 2 R 5 in which R 5 is hydrogen, alkyl, or 
aryl; or 

R 2 is -CH 2 -0-alkyl- in which alkyl is covalently bonded to the oxygen at the 

3-position instead of Ri; 
R3 is hydrogen, alkyl, aryl, or aralkyl; 

R4 is hydrogen, alkyl, aryl, aralkyl, or -C0 2 R$ in which R^ is 

hydrogen, alkyl, aryl, or aralkyl; 
n is 1 to 6; 

or a pharmaceutically acceptable salt thereof. 

The terms "alkyl," "aryl," and "aralkyl" are as defined above for formula VI. 

Examples of compounds of formula IX include those where R\ is hydrogen, 
or those where R 2 is -CH 2 OH, or -CH 2 .0-alkyl- in which alkyl is covalently bonded 
to the oxygen at the 3-position instead of Ri, or those where R 3 is hydrogen, or those 
where R4 is alkyl or hydrogen. Additional examples of compounds of formula IX 
include those where R4 is ethyl. 

Therapeutic compounds further include any one or more pyridoxal 
phosphonate analogues represented by the formula IX: 



25 



N 



in which 

Ri is hydrogen or alkyl; 
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R 2 is -CHO, -CH 2 OH, -CH 3 or -C0 2 R« in which R« is hydrogen, alkyl, or 
aryl; or 

R2 is -CH2.0-aikyl- in which alkyl is covalently bonded to the oxygen at the 
3 -position instead of Rj ; 
5 R3 is hydrogen and R4 is hydroxy, halo, alkoxy or alkanoyloxy; or 

R3 and R4 can be taken together to form =0; 
R 5 and R6 are hydrogen; or i 
R 5 and Re are halo; 

R 7 is hydrogen, alkyl, aryl, aralkyl, or -CO2R8 in which Rg is 
10 hydrogen, alkyl, aryl, or aralkyl; 

or a pharmaceutical^ acceptable salt thereof. 

The terms "alkyl," "alkoxy," "alkanoyloxy," "halo," "aryl," and "aralkyl" are 
as defined above for formula VI. 

Examples of compounds of formula IE include those where Ri is hydrogen, 

15 or those where R2 is -CH2OH, or -CH^.O-alkyl- in which alkyl is covalently bonded 
to the oxygen at the 3-position instead of Ri, or those where R3 and R4 taken 
together form =0, or those where R5 and R6 are F, or those where R 7 is alkyl. 
Additional examples of compounds of formula III include those where R4 is OH or 
CH 3 C(0)0-, those where R 7 is ethyl. 

20 Pharmaceutical^ acceptable salts of the compounds of formulas I, II, EI, IV, 

V, VI, VII, IX, or X include salts derived from nontoxic inorganic acids such as 
hydrochloric, nitric, phosphoric, sulfuric, hydrobromic, hydriodic, hydrofluoric, 
phosphorus, and the like, as well as the salts derived from nontoxic organic acids, 
such as aliphatic mono- and dicarboxylic acids, phenyl-substituted alkanoic acids, 

25 hydroxy alkanoic acids, alkanedioic acids, aromatic acids, aliphatic and aromatic 
sulfonic acids, etc. Such salts thus include sulfate, pyrosulfate, bisulfate, sulfite, 
bisulfite, nitrate, phosphate, monohydrogenphosphate, dihydrogenphosphate, 
metaphosphate, pyrophosphate, chloride, bromide, iodide, acetate, trifluoroacetate, 
propionate, caprylate, isobutyrate, oxalate, malonate,. succinate, suberate, sebacate, 

30 fumarate, maleate, mandelate, benzoate, chlorobenzoate, methylbenzoate, 

dinitrobenzoate, phthalate, benzenesulfonate, toluenesulfonate, phenylacetate, 
citrate, lactate, maleate, tartrate, methanesulfonate, and the like. Also contemplated 
are salts of amino acids such as arginate and the like and gluconate, galacturonate, n- 
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methyl glutamine, etc. (see, e.g., Berge et al., J. Pharmaceutical Science, 66: 1-19 
(1977)). 

The salts of the basic compounds are prepared by contacting the free 
base form with a sufficient amount of a desired acid to produce the salt in the 
5 conventional manner. The free base form can be regenerated by contacting the salt 
form with a base and isolating the free base in the conventional manner. The free 
base forms differ from their respective salt forms somewhat in certain physical 
properties such as solubility in polar solvents, but otherwise the salts are equivalent 
to their respective free base for purposes of the present invention. 

10 

Syntheses 

To prepare a compound of formula VIII, 3,4-isopropylidenepyridoxine-5-al 
is treated with a phosphonating agent, such as, a metal salt of di-tert-butyl phosphite 
or dibenzyl phosphite or diphenyl phosphite, to give protected alpha- 

1 5 hydroxyphosphonates. The protected alpha-hydroxyphosphonates can be treated 

with an acylating agent in an aprotic solvent, such as acetic anhydride in pyridine, or 
with an alkylating agent, such as methyl iodide and sodium hydride in 
tetrahydrofuran (THF), to give alpha-alkylcarbonyloxy or alpha- 
alkyloxyphosphonates esters respectively. Alternatively the protected alpha- 

20 hydroxyphosphonates can be treated with an agent to convert the hydroxyl group to 
a halogen, such as conversion to a fluoro group with DAST 
(diethylaminosulfurtrifluoride), to prepare the alpha-halophosphonate esters. The 
isopropylidene protecting group is removed from the fully protected alpha- 
substituted phosphonates by reacting them with water and an acid, such as 20% 

25 water in acetic acid, to prepare the pyridoxine-alpha-substituted phosphonate esters. 
The ester groups can be removed from the phosphonate groups of the pyridoxine- 
alpha-substituted phosphonate esters by further treating them with acid in water, 
such as 20% water in acetic acid, to give the corresponding phosphonic acids as can 
be seen in the following scheme. 
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Water 
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Rj = hydroxy, halogen, 
ORj alkoxy or alkylcarbonyloxy 

R, = hydrogen, alkyi or 
aryl 



Pyridoxine-alpha-substituted phosphonate esters and acids 



Alternatively, to prepare a compound of formula I, 3,4- 
isopropylidenepyridoxine-5-halide is treated with a phosphonating agent, such as, a 
metal salt of di-tert-butyl phosphite or dibenzyl phosphite or diphenyl phosphite, to 
give protected phosphonates. The protected phosphonates are treated with a base, 
such as sodium hexamethyldisilazane (NaHMDS), and a halogenating agent, such as 
N-fluorobenzenesulfonimide (NFSi), to provide the dihalophosphonates as can be 
seen in the following scheme. 



10 
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H3C N 

Dihalophosphonate esters 
X = halogen 



Alternatively, to prepare a compound of formula VIE, 3,4- 
isopropylidenepyridoxine-5-al is treated with an amine, such as p-methoxyaniline or 
p-aminobiphenyl, and a phosphonating agent, such as, a metal salt of di-tert-butyl 
5 phosphite, dibenzyl phosphite or diphenyl phosphite, to give protected 
aminophosphonates as can be seen in the following scheme. 




3,4-Isopropylidenepyridoxine-5-al Aminophosphonates 

Rl = alkyl or aryl 
Rj = N-alkyl or N-aryl 



To prepare a compound of formula DC, 3,4-isopropylidenepyridoxine-5- 
10 amine is used as a starting material. The amine is treated with a 

haloalkylphosphonate diester, such as diethyl bromomethylphosphonate, to give 5'- 
phosphonoazaalkylpyridine diesters. Reaction of the'3,4-isopropylidene-5*- 
phosphonoazaalkylpyridoxine diesters with a trialkylsilyl halide, such as 
trimethylsilyl bromide, in an aprotic solvent, such as acetonitrile, removes the ester 
15 groups of the phosphonate diester to provide the corresponding free 3,4- 
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isopropyHdene-S'-phosphonoazaalkylpyridoxine diacid. The acetonide protecting 
group on the 3 and 4 position of the pyridoxine ring on the 3,4-isopropylidene-5'- 
phosphonoazaalkylpyridoxine diacid can be removed by reaction with acid and 
water, such as 20% water in acetic acid as can be seen in the following scheme. 




3,4-Isopropylidene 5-Phosphonoazaalkylpyridoxine diacid 

5-phosphonoazaalkylpyridoxine diacid 



To prepare a compound of formula X, 3,4-isopropylidenepyridoxine-5-al is 
reacted with a metal salt of a methyl, or dihalomethyl, phosphonate diester to 
produce 5*-phosphonoalkylpyridoxine diesters. The 5'-hydroxyl group of this 

10 product is acylated by an acylating agent, such as acetic anhydride in pyridine, to 
provide the corresponding O-acyl derivatives respectively, or oxidized to the keto 
functional group by an oxidizing agent, such as manganese dioxide. The blocking 
group at the 3 and 4 positions and the phosphonate ester groups of the hydroxy, 
alkylcarbonyloxy and keto phosphonate diesters are hydrolysed by reaction with 

15 acid and water, such as 20% water in acetic acid, to provide the corresponding 
phosphonate diesters, without the blocking group at the 3 and 4 position. These 
reactions are illustrated in the following scheme. 
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R^ = OH, O-CO-alkyl, X « H; or 
R^OH, or=0,X = halo 



Pharmaceutical Composition Suitable for Use with Methods of the Invention 

5 A therapeutic compound as defined above can be formulated into a 

pharmaceutical composition for use in methods of the invention. A pharmaceutical 
composition is suitable for treatment of cerebral hemorrhage, cerebral ischemia, 
ischemic stroke, hemorrhagic stroke, and ischemic reperfusion injury arising from 
reintroduction of blood flow following cerebral ischemia or ischemic stroke. 

10 A pharmaceutical composition comprises a pharmaceutically acceptable 

carrier and a therapeutic compound of formula I, II, IE, IV, V, VI, VII, IX, or X or a 
pharmaceutically acceptable salt thereof. A pharmaceutically acceptable carrier 
includes, but is not limited to, physiological saline, ringers, phosphate-buffered 
saline, and other carriers known in the art. Pharmaceutical compositions can also 

15 include additives, for example, stabilizers, antioxidants, colorants, excipients, 

binders, thickeners, dispersing agents, readsorpotion enhancers, buffers, surfactants, 
preservatives, emulsifiers, isotonizing agents, and diluents. Pharmaceutically 
acceptable carriers and additives are chosen such that side effects from the 
pharmaceutical compound are minimized and the performance of the compound is 

20 not canceled or inhibited to such an extent that treatment is ineffective. Preferably 
the compound selected is PLP. 
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Methods of preparing pharmaceutical compositions containing a 
pharmaceutical^ acceptable carrier and therapeutic compound of formula I, II, 133, 
IV, V, VI, VII, IX, or X or a pharmaceutical^ acceptable salt thereof are known to 
those of skill in the art. 
5 All methods can include the step of bringing the compound of the invention 

in association with the carrier and additives. The formulations generally are 
prepared by uniformly and intimately bringing the compound of the invention into 
association with a liquid carrier or a finely divided solid carrier or both, and then, if 
necessary, shaping the product into the desired unit dosage form. 

10 Generally, a solution of a therapeutic compound, for example PLP, may be 

prepared by simply mixing PLP with a pharmaceutical^ acceptable solution, for 
example, buffered aqueous saline solution at a neutral or alkaline pH (because PLP 
is essentially insoluble in water, alcohol, and ether), at a temperature of at least room 
temperature and under sterile conditions. Preferably, the PLP solution is prepared 

15 immediately prior to administration to the mammal. However, if the PLP solution is 
prepared at a time more than immediately prior to the administration to the mammal, 
the prepared solution should be stored under sterile, refrigerated conditions. 
Furthermore, because PLP is light sensitive, the PLP solution should be stored in 
containers suitable for protecting the PLP solution from the light, such as amber- 

20 colored vials or bottles. 

A pharmaceutical composition or therapeutic compound can be administered 
enterally or parenterally. Parenteral administration includes subcutaneous, 
intramuscular, intradermal, intramammary, intravenous, and other administrative 
methods known in the art. Enteral administration includes solution, tablets, 

25 sustained release capsules, enteric coated capsules, and syrups. When administered, 
the pharmaceutical composition or therapeutic compound should be at or near body 
temperature. 

Methods of Treatment 

30 A physician or veterinarian of ordinary skill readily determines a subject who 

is exhibiting symptoms of any one or more of the diseases described above. 

Regardless of the route of administration selected, the therapeutic compounds of 

formula I, II, IE, IV, V, VI, VH, IX, or X or a pharmaceutical^ acceptable salt 

thereof can be formulated into pharmaceutically acceptable unit dosage forms by 
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conventional methods known to the pharmaceutical art. An effective but nontoxic 
quantity of the compound is employed in treatment. 

The therapeutic compound of formula I, II, HI, IV, V, VI, VII, IX, or X or a 
pharmaceutical^ acceptable salt thereof can be administered in enteral unit dosage 
5 forms, such as, for example, tablets, sustained-release tablets, enteric coated tablets, 
capsules, sustained-release capsules, enteric coated capsules, pills, powders, 
granules, solutions, and the like. They can also be administered parenterally, such 
as, for example, subcutaneously, intramuscularly, intradermally, intramammarally, 
intravenously, and other administrative methods known in the art. 

10 Although it is possible for a therapeutic compound of formula I, II, m, IV, 

V, VT, VII, IX, or X or a pharmaceutical^ acceptable salt thereof as described above 
to be administered alone in a unit dosage form, preferably the compound is 
administered in admixture as a pharmaceutical composition. 

The ordinarily skilled physician or veterinarian will readily determine and 

15 prescribe the therapeutically effective amount of the therapeutic compounds of 
formula I, II, EI, IV, V, VI, VII, IX, or X or a pharmaceutical^ acceptable salt 
thereof to treat the disease for which treatment is administered. In so proceeding, 
the physician or veterinarian could employ relatively low dosages at first, 
subsequently increasing the dose until a maximum response is obtained. Typically, 

20 the particular disease, the severity of the disease, the compound to be administered, 
the route of administration, and the characteristics of the mammal to be treated, for 
example, age, sex, and weight, are considered in determining the effective amount to 
administer. Administering a therapeutic amount of a compound of the invention for 
treating cerebrovascular disease such as, for example, cerebral hemorrhage, cerebral 

25 ischemia, ischemic stroke, hemorrhagic stroke, and ischemic reperfusion injury 
arising from reintroduction of blood flow following cerebral ischemia or ischemic 
stroke; or symptoms thereof, is in a range of about 0.1-100 mg/kg of a patient's body 
weight, more preferably in the range of about 0.5-50 mg/kg of a patient's body 
weight, per daily dose. The compound can be administered for periods of short and 

30 long duration. Although some individual situations can warrant to the contrary, 

short-term administration, for example, 30 days or less, of doses larger than 25 

mg/kg of a patient's body weight is preferred to long-term administration. When 

long-term administration, for example, months or years, is required, the suggested 

dose should not exceed 25 mg/kg of a patient's body weight. 
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A therapeutically effective amount of a therapeutic compound of formula I, 
II, EI, IV, V, VI, VTI, IX, or X or a pharmaceutical^ acceptable salt thereof for 
treating the above-identified diseases or symptoms thereof can be administered prior 
to, concurrently with, or after the onset of the disease or symptom. 
5 The therapeutic compound of formula I, n, m, IV, V, VI, VTI, DC, or X or a 

pharmaceutical^ acceptable salt thereof can be administered to treat one or more 
cerebrovascular diseases. ; 

A therapeutically effective amount of a therapeutic compound of formula I, 
II, HI, IV, V, VI, VII, DC, or X or a pharmaceutically acceptable salt thereof to treat 

10 cerebral hemorrhage, cerebral ischemia, ischemic stroke, hemorrhagic stroke, and 
ischemic reperfusion injury arising from reintroduction of blood flow following 
cerebral ischemia or ischemic stroke is typically in the range of about 0.5-100 mg/kg 
of a patient's body weight, more preferably in the range of about 0.5-50 mg/kg of a 
patient's body weight, per daily dose. The compound may be administered for 

1 5 periods of short and long durations depending on the condition treated. 

A therapeutically effective amount of the therapeutic compound for treating 
cerebral ischemia-related conditions can be administered before, during, or 
following ischemia (including during or following reperfusion), as well as 
continually for some period spanning from pre- to post-ischemia. Additionally, the 

20 therapeutic compound may be taken on a regular basis to protect against cellular 
dysfunction arising from arrhythmia and heart failure. 

A therapeutic compound can be administered concurrently with compounds 
that are already known to be suitable for treating the above-identified diseases. 
Concurrent administration" and "concurrently administering" as used herein 

25 includes administering a therapeutic compound and a known therapy for 

cerebrovascular disease in admixture such as, for example, in a pharmaceutical 
composition or in solution, or as separate components, such as, for example, 
separate pharmaceutical compositions or solutions administered consecutively, 
simultaneously, or at different times but not so distant in time such that the 

30 therapeutic compound and the known therapy cannot interact and a lower dosage 

amount of the active ingredient cannot be administered. Preferably the 

cerebrovascular disease treated is ischemic stroke. 

Compounds useful in treating cerebrovascular disease that can be 

concurrently administered with therapeutic compounds of formulae I, II, III, IV, V, 
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VI, VII, EX, or X or a pharmaceutically acceptable salt thereof include clot 
dissolving compounds, anti-platelet or blood thinning compounds, neuroprotective 
compounds and ion channel blockers. Useful clot dissolving compounds include, 
for example, plasminogen activator (rtPA) and prpurokinase. Useful anti-platelet or 
5 blood thinning compounds include, for example, aspirin, dipyridamole, clopidogrel, 
and GPEb/nia inhibitors. Useful neuroprotective compounds include, for example, 
citicoline, clomethiazole, piracetam, and ebselen. Useful ion channel blockers 
include, for example, sipatrigine. 

This invention will be further characterized by the following examples. 
1 0 These examples are not meant to limit the scope of the invention, which has been 
fully set forth in the foregoing description. Variations within the scope of the 
invention will be apparent to those skilled in the art. 
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EXAMPLES 

All reagents used in the following Examples can be purchased from Aldrich 
Chemical Company (Milwaukee, WI or Allentown, PA). 



Example 1: Synthesis of di-t-butyl (a^3-Q-isopropyUdene-3-hydroxy-4- 
20 hydroxymethyl-2"methyl-5-pyridyl)hydroxymethylphosphonate 

Di-tert-butyl phosphite (16.3 g, 84 mmol) was added to a solution of NaH 
(3.49 g, 60%, 87.2 mmol) in THF (60 mL) under nitrogen at 0°C. The temperature 
of the resulting solution was raised to room temperature and the solution stirred for 

25 15 min, then cooled to 0°C again. To this solution, (a 4 ,3-0-isopropylidene-3- 
hydroxy-4-hydroxymethyl-2-methyl-5-pyridyl)methanal (Kortynk et ai 9 J. Org. 
Chem., 29, 574-579 (1964)) (1 1.41 g, 55.05 mmol) in THF (30 mL) was slowly 
added then the temperature raised to room temperature again and stirring continued 
for 2 h. The reaction was quenched by adding saturated NaHCC>3 (40 ml), and 

30 diluted with diethyl ether (200 mL). The ether layer was separated, washed with 
saturated aqueous NaHCOa (40 ml, 5%), then saturated brine (3 x 20 mL). The 
ether layer was dried (MgSC^), filtered and evaporated to give crude product as a 
colorless solid. This solid was washed with hexane to remove the oil ( from the 
NaH) and unreacted phosphite. The solid was recrystallized from a mixture of 
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diethyl ether : hexane : ethyl acetate (230 mL : 70 mL : 15 mL). The colorless 
crystal (17.9 g, 81%) were filtered and washed with hexane. 
! H NMR (CDC1 3 ): 1.42 (9H, d), 1.46 (9H, d), 1.51 (6H, d), 2.38 (3H, s), 4.70 (1H, 
d), 4.89-5.13 (2H, m), 8.1 1 (1H, s). 
5 3I P NMR (H-decoupled, CDC1 3 ): 13.43 (s). 

This structure can be represented by formula: 




Example 2: Synthesis of dibenzyl (a\3-0-isopropylidene-3-hydroxy-4- 
10 hydroxymethyl-2-methyl-5-pyridyl)hydroxymethylphosphonate 

Dibenzyl phosphite (1.89 g, 9.62 mmol) was mixed with the (a 4 ,3-0- 
isopropylidene-3-hydroxy-4-hydroxymethyl-2-methyl-5-pyridyl)methanal (Kortynk 
et aL, J. Org. Chem., 29, 574-579 (1964)) (l.OOg, 4.81mmol) and stirred at room 

15 temperature for an hour. To this thick syrup was added activated basic alumina (lg). 
The reaction mixture was then stirred at 80°C for one hour. The reaction mixture 
was diluted with dichloromethane (50 mL), and filtered through Celite to remove 
alumina. The dichloromethane solution was washed with saturated, aqueous 
NaHC0 3 (20 mL), then saturated brine (3x10 mL). The dichloromethane layer was 

20 dried (MgSC>4), filtered and evaporated to give crude product as a colorless solid. 
The crude product was purified by silica gel column chromatography, using ether: 
hexanes (1:2) as eluent to give 1.3 g (58%). 

l H NMR (CDCI3): L30 (3H, s), 1.45 (3H, s), 2.30 (3H, s), 4.86-4.99 (7H, s), 7.18- 
8.07 (10H, s),8.08 (1H, s). 

25 

This structure can be represented by formula: 
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Example 3: Synthesis of (3-hydroxy-4-hvdroxymethyl-2^ethyl-5- 
pyridyl)hydroxymethyl phosphoric Acid 

5 * — ^ 

The product of Example 1 above, of formula V, (10 g, 24.9 mmol) was 
dissolved in acetic acid (80% in water, 100 ml) and heated at 60°C for 1 d. 
Colorless precipitate was formed, however, the reaction was not complete. Another 
50 ml of 80% acetic acid in water was added to the mixture and the mixture stirred 
10 at 60°C for another day. The solid was filtered off, washed with cold water, then 
methanol and dried to give a colorless solid (4.78 g, 77%). 
l H NMR (D 2 0): 2.47 (3H, s), 4.75-4.79 (2H, m), 5.15-5.19 (1H, d), 7.82 (1H, s). 
31 P NMR (H-decoupled D 2 0): 14.87 (s). 

This structure can be represented by formula: 



CHjOH OH 




15 

Example 4: Synthesis of dibenzyl (a 4 ,3-Q-isopropylidene-3-hydroxy-4- 
hydroxymethyl-2-methyl-5-pyridyl)fluoromethylphosphonate 

20 The protected alpha-hydroxy phosphonate from Example 2 above of 

structure VI (1.0 g, 2.49 mmol) was dissolved in dichloromethane (10 mL), and the 
solution cooled to -78°C. To this solution was added diethylaminosulfurtrifluoride 
(DAST) (0.8 g, 4.98 mmol). The reaction was stirred "at -78°C under nitrogen for 20 
minutes then allowed to stand at room temperature overnight. The reaction mixture 

25 was diluted with dichloromethane (50 ml), and washed with saturated, aqueous 
NaHCC>3 (125 mL). The dichloromethane layer was dried (MgS04), filtered and 
evaporated to give crude fluorophosphonate as a yellow solid. The crude product 
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was purified by silica gel column chromatography, using ethyl acetate: hexanes (2:1) 
as the eluent to give 600 mg (60%). 

l H NMR (CDC1 3 ): 1.42 (3H, s), 1.52 (3H, s), 2.40 (3H, s), 4.91-4.97 (6H, m), 5.46- 
5.61 (1H, dd), 7.23- 7.34 (10H, m), 8.01 (1H, s). 
5 3l P NMR (H-decoupled, F-coupled, CDCI3): 16.36-16.08 (d). 

This structure can be represented by formula: 




10 Example 5: Synthesis of di-t-butyl (a 4 ,3-0-isopropylidene-3-hydroxv-4- 

hydroxymethvl-2-methyl-5-pyridyl)fluoromethylphosphonate 

The protected alpha-hydroxy phosphonate from Example 1 of structure V (3 
g, 7.55 mmol) was dissolved in dichloromethane (30 mL), and the solution cooled to 

15 -78°C. To this solution was added diethylaminosulfurtrifluoride (DAST) (1.22 g, 
7.57 mmol). The reaction was stirred at -78°C under nitrogen for 5 minutes, 
quenched by addition of saturated, aqueous NaHC0 3 (2 mL) then allowed to warm 
room temperature. The reaction mixture was diluted with dichloromethane (50 ml), 
and washed with saturated, aqueous NaHCC>3 (2 x 20 mL). The dichloromethane 

20 layer was dried (MgSC>4), filtered and evaporated to give crude fluorophosphonate. 
The crude product was purified by silica gel column chromatography, using ethyl 
acetate: hexanes (1:1) as the eluent to give 350 mg (12%). 

! H NMR (CDCI3): 1.44 (9H, s), 1.46 (9H, s), 1.52 (3H, s), 1.56 (3H,s), 2.41 (3H, s), 
4.98-5.14 (2H, m), 5.32-5.52 (1H, dd), 8.03 (1H, s). 
25 3, P NMR (H-decoupled, F-coupled, CDCI3): 6.53, 7.24. 
19 F NMR (H-decoupled, CDCI3): -202.6, -203.0 

This structure can be represented by formula: 
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Example 6: Synthesis of di-t-butyl (3-hydroxv-4-hydroxymeth^l>2-methyl-5~ 
pyridypfluoromethyl phosphonate 

5 

The protected di-t-butyl alpha-fluoro phosphonate from Example 5 of structure DC 
(3.2 g 7.8 rnmol) was dissolved in acetic acid (80% in water, 50 ml) and heated at 
60°C for 24 hours. The pale yellow solid was filtered off, washed with cold water 
and methanol, and then dried to give a creamy solid (2.21 g, 70%). 
10 *H NMR (CDC1 3 ): 1.41 (9H, s), 1.44 (9H, s), 1.49 (3H, s), 1.51 (3H, s), 2.42 (3H, s), 
4.99-5.07 (2H, m), 5.33-5.51 (1H, d,d), 8.04 (1H, s). 
3l P NMR (H-decoupled, F-Coupled, CDCI3): 7.10-7.80 (d). 
19 F NMR (H, P-Coupled, CDCI3): -203.07 to -202.61 (dd). ' 
This structure can be represented by formula: 



15 




Example 7: Synthesis of (3-hydroxy-4-hydroxymethyl-2-methyl-5- 
20 pyridyl)fluoromethyl phosphonic acid 

The protected di-t-butyl alpha-fluoro phosphonate from Example 5 of structure IX 
(200 mg, 0.5 mmol) was dissolved in acetic acid (80% in water, 15 ml) and heated at 
75°C for 24 hours. The solvent was removed by evaporation on a rotary evaporator 
25 using toluene to codistill the water. The crude product (1 83 mg) was purified by 
column chromatography on silica using chloroformimethanol: water (65:35:2) as 
eluent to give 60 mg (55%). 

! H NMR (D 2 0): 2.46 (3H, bs), 4.65-4.90 (2H, dd), 5.81-6.01 (1H, dd), 7.74 (1H, 
bs). 
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3l P NMR (H-decoupled, F-Coupled, CDC1 3 ): 9.3 (d). 
19 F NMR (H, P-Coupled, CDC1 3 ): -197 to -196 (dd). 
This structure can be represented by formula: 



H 3 C 



HO. 




10 



15 



20 



Example 8: Synthesis of di-t-butyl (a 4 ,3-0-isopropylidene-3-hvdroxv-4- 
hydroxymethyl--2-methyl-5-pyridyl)acetoxymethylphosphonate 

The product of Example 1 above, of formula V (1.0 g, 2.49 mmol) was 
dissolved in dichloromethane (20 mL), the solution cooled to -5°C, and pyridine (2 
mL) added, followed by acetic anhydride (lmL). The reaction temperature was 
slowly allowed to reach room temperature. After one hour, the reaction was 
quenched by adding dilute aqueous hydrochloric acid (10%, 75 mL), and then 
diluted with dichloromethane (25 mL). After separation of the aqueous layer the 
methylene chloride layer washed with saturated NaHC0 3 (2 x 20 mL). The 
dichloromethane layer was dried (MgSC>4), filtered and evaporated to give crude 
alpha acetoxy phosphonate as a colorless solid. The crude product was purified by 
silica gel column chromatography, using ethyl acetate: hexanes (2:1) as the eluent to 
give the product in good yield. 

} H NMR (CDCI3): 1.31 (9H, d), 1.36 (9H, d), 1.49 (6H, d), 2.1 (3H s), 2.38 (3H, s), 
5.04 (2H, d), 5.72-5.76 (1H, d), 8.11 (1H, s). 
31 P NMR (H-decoupled, CDCI3): 13.43 (s). 

This structure can be represented by formula: 
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Example 9: Synthesis of di-t-butyl (a 4 ,3"0"isopropylidene-3-hvdroxv-4" 
hydroxymethyl-2-methyl-5-pyridyl)m 

The product of Example 1 above, of formula V (300 mg, 0.75 mmol) was . 
5 dissolved in 15ml of THF and reaction vessel was purged with N 2 gas. Sodium 
hydride (21 mg, 0.9 mmol) was added, and the solution stirred for 5 minutes before 
cooling to 0°C. Methyl iodide (160 mg, 1.1 mmol) was then injected and reaction 
vessel was gradually allowed to reach room temperature. TLC (etfiyl acetate) 
indicated that the reaction was complete in 3 hours. The soution was diluted with 
10 methylene chloride (250 mL), washed with dilute, aqueous HCL (10%, 100 mL), 

then saturated, aqueous NaHCOa, dried (MgSC>4) and evaporated. The crude product 
was chromatographed on silica gel using ethyl acetate/hexanes (1:1) as the eluent to 
give 132 mg (32%). 

*H NMR (CDC1 3 ): 1.41 (18H, s), 1.51 (3H, s), 1.54 (3H, s), 2.40 (3H, s), 3.33 (3H, 
15 s), 4.20-4.26 (1H, d), 5.05 (2H, bs), 8.01 (1H, s). 
31 P NMR (H-decoupled, CDCI3): 10.88 (s). 



20 

This structure can be represented by formula: 




25 Example 10: Synthesis of (3-hydroxy-4-hydroxymethyl-2-methyl-5- 

pyridyQacetoxymethyl phosphonic Acid 

The product of Example 8 above, of formula XII, (50 mg, 0.1 1 mmol) was 
added to acetic acid (80% in water) and stirred for 24 hours at 60°C. The solvent 
30 was removed by evaporation on a rotary evaporator using toluene to codistill the 
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water. The crude product was purified by chromatography on silica gel column 

using CH 2 Cl 2 /MeOH/H 2 0 (65:35:4) as eluent to give 22.8 mg (76%). 

l H NMR (D 2 0): 2.23 (3H, s), 2.51 (3H, s), 4.6 - 5.1 (2H, m), 6.1 (1H, d), 7.85 (1H, 

s). 

5 This structure can be represented by formula: 



25 




Example 1 1 : Synthesis of (3-hydroxy-4-hydroxymethyl-2-methyl-5- 
10 % pyridyl)methoxymethyl phosphonic Acid 

The product of Example 9 above, of formula Xm (132 mg, 0.32 mmol) was 
dissolved in acetic acid (80% in water, 25mL) and stirred at 60°C for 24 hours. The 
solvent was removed by evaporation on a rotary evaporator using toluene to codistill 
1 5 the water. The crude product was purified by chromatography on silica gel column 
using CH 2 Cl 2 /MeOH/H 2 0 (65:35:4) as eluent to give the product in good yield. 
l H NMR (D 2 0): 2.52 (3H, s), 3.32 (3H, s), 4.47-4.88 (2H, m), 7.87 (1H, s). 
31 P NMR (H-decoupled, D 2 0): 13.31 (s) 

20 This structure can be represented by formula: 

CH,OH OMe 




Example 12: Synthesis of dibenzyl (a 4 ,3-Q-isopropylidene~3-hydroxy-4- 
hydroxymethyl-2-methyl-5-pyridyl)difluoromethylphosphonate . 

To a solution of dibenzyl (a 4 ,3-0-isopropylidene-3-hydroxy-4- 
hydroxymethyl-2-methyl-5-pyridyl)methylphosphonate (115 mg, 0.253 mmol) in 
THF (10 mL) was added NaHMDS (1 M, 0.56 mL, 0.56 mmol). The reaction 
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mixture was cooled to-78 Q C. After 15 minutes, NFSi (237 mg, 0.75 mmol) was 
added to the reaction mixture. The temperature of the reaction mixture was slowly 
wanned to -20°C. The solution was diluted with Et 2 0, washed with saturated 
NaHC03, water and brine, dried (MgSCU) and evaporated. The crude product was 
5 chromatographed on silica using ethyl acetateihexanes (2:1) as eluent to give the 
dibenzy 1 (a 4 ,3 -O-isopropylidene-3 -hydroxy-4-hyckoxymethy l-2-methyl-5 - 
pyridyl)difluoromethylphosphonate in good yields. 

! H NMR (CDC1 3 ) 1.53 (s, 6H), 2.45 (d, 3H), 5.34 (d, 2H), 7.09-7.39 (m, 14H), 8.29 
(s,lH). 

10 3, P NMR (CDCI3) -2.15 (t). 
l9 F NMR (CDCI3) -105.7 (d). 
This structure can be represented by formula: 




15 

Example 13: Synthesis of di-t-butyl (a 4 ,3-Q-isopropvlidene-3-hvdroxy>4- 
hydroxymethyl-2-methyl-5-pyridyl)(4-biphenylamino)methylphosphonate 

The (a 4 ,3-0-isopropylidene-3-hydroxy-4-hydroxymethyl-2-methyl-5- 
20 pyridyl)methanal (Kortynk et al. y J. Org. Chem., 29, 574-579 (1964)) (424 mg, 2.19 
mmol) and 4-aminobiphenyl (360 mg, 2.12 mmol) was refluxed in benzene (20 mL) 
under nitrogen, using a Dean-Stark trap to remove water, for 15 hours. The crude 
reaction mixture was evaporated, dissolved in THF (20 mL) and added to a flask 
containing di-t-butyl phosphite (955 mg, 5.12 mmol) in THF (20 mL) and NaH (270 
25 mg, 57% in oil, 6.41 mmol) and stirred at 0°C for two hours. The solution was 

diluted with Et 2 0, washed with saturated, aqueous NaHC03 (40 mL), brine (20 mL), 
dried (MgSC>4) and evaporated. The crude product was chromatographed on silica 
gel using hexane:diethyl ether (2:1) to give di-t-butyl (a 4 ,3-0-isopropylidene-3- 
hydroxy-4-hydroxymethyl-2-methyl-5-pyridyl)(4- 
30 biphenylamino)methylphosphonate in modest yields. 
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*H NMR (CDCI3) 8.40 (1H, d, ), 7.50-7.41 (2H, m), 7.40-7.30 (4H, m), 7.28-7.10 
(1H, m), 6.54 ( 1H, d), 5.24 (1H, dd, ), 5.07 (1H, dd,), 4.65 (1H, dd, ) s 4.44 (1H, dd, 
), 2.40 (3H, d), 1.58 (3H, s), 1.49 (3H, s), 1.43 (9H, s), 1.41 (9H, s). 
31 P NMR (H-decoupled, CDC1 3 ): 13.1 (s). 

5 

This structure can be represented by formula: 




10 

Example 14: Synthesis of di-t-butyl (a 4 ,3-0-isopropylidene-3-hvdroxv-4- 
hydroxwe1hyl-2-methyl-5-pyrid 

(a 4 ,3-0-Isopropylidene-3-hydroxy-4-hydroxymethyl-2-methyl-5- 
15 pyridyl)methanal (Kortynk et aL, J. Org. Chem., 29, 574-579 (1964)) (2.5 g, 12.1 
mmol) and 4-aminoanisole (1.41 g, 1 1.4 mmol) was refluxed in benzene (100 mL) 
under nitrogen, using a Dean-Stark trap to remove water, for 15 hours. The reaction 
mixture was evaporated to give 3.02 g of crude imine. The crude imine (370 mg, 
1.19 mmol) was dissolved in THF (20 mL) and added to a flask containing di-t-butyl 
20 phosphite (955 mg, 5.1 mmol) in THF (20 mL) and NaH (208 mg, 57% in oil, 4.94 
mmol) and stirred at 0°C for two hours and at room temperature for 24 hours. The 
solution was diluted with Et 2 0, washed with saturated, aqueous NaHCCh (40 mL), 
brine (40 mL), dried (MgSOi*) and evaporated. The crude product was 
chromato graphed on silica gel using hexane:di ethyl ether (2:1) to give di-t-butyl 
25 (a 4 ,3-0-isopropylidene-3-hydroxy-4-hydroxymethyl-2-methyl-5-pyridyl)(4- 
methoxyphenylamino)methylphosphonate in modest yields. 
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! H NMR (CDC1 3 ) 8.09 (1H, d), 6.70-6.60 (2H, m), 6.47-6.36 (2H, m), 5.18 (1H, dd), 
4.98 (1H, dd), 4.36-4.20 (2H, m), 3.65 (3H, s), 2.35 (3H, s), 1.54 (3H, s), 1.45 (3H, 
s), 1.39 (9H,s), 1.38 (9H, s). 
31 P NMR (decoupled, CDC1 3 ): 5 13.5 ppm. 

5 



This structure can be represented by formula: 




hvdroxvmetbyl-2-methyl-5-pyridyl)-3-azabutylphosphonate 

1 5 (a 4 ,3-0-Isopropylidene-3-hydroxy-4-hydroxymethyl-2-methyl-5- 

pyridyl)methylbromide (ImperaUi et al, J. Org. Chem., 60, 1891-1894 (1995)) ( 
1.08 g. 4.0 mmol) in anhydrous DMF (20 ml) was treated with sodium azide (260 
mg, 4.0 mmol) at room temperature. After one hour stirring at room temperature, the 
solution was extracted with diethyl ether (5 x 20 mL). The combined extracts were 

20 washed with water (10 mL) , and brine (1 0 mL) and dried (MgS0 4 ). The solvent was 
evaporated and the crude product was purified by chromatography on silica gel 
using ethyl ether: hexanes (2:1) as eluent to give the azide as a colorless liquid 
(552mg, 60%). 

X H NMR (CDC13, TMS) 1.57 (s, 6H), 2.42 (s, 3H), 4.23 (s, 2H), 4.86 (s, 2H), 7.96 
25 (s, 1H). 

The purified azide (100 mg, 0.4 mmol) was dissolved in 95% ethanol and 

hydrogenated at 1 atm in presence of Lindlar catalyst (50 mg) for one hour. The 

catalyst was removed by filtration (Celite), and the solvent removed to give the 

crude amine. Purification by chromatography on silica gel using CHzC^MeOH 

30 (5:1) as eluent gave the product (80 mg, 82% ) 1HNMR (CD 2 C1 2 ) 1.53 (s, 6H), 2.34 

(s, 3H), 3.72 (s, 2H), 4.91 (s, 2H), 5.31 (s, 2H), 7.93 (s, 1H). 
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The (a 4 ,3-0-IsopropyUdene-3-hydtoxy-4-hydroxymethyl-2-methyl-5- 
pyridyl)methylamine, from above, (416 mg, 2 mmol) was heated in saturated, 
aqueous sodium bicarbonate solution (10 mL) to 95°C, followed by slow addition of 
5 diethyl 2-bromoethylphosphonate (0.09 mL, 0.5mmol) and the reaction stirred at 
95°C overnight. The solution is evaporated using toluene to codistill the water. The 
crude product is triturated with ethyl acetate to dissolve the crude organic product. 
Chromatography on silica gel using methylene chloride:methanol:hexanes (5:1:5) 
gave 76 mg(41%). 

10 1 Hnmr (CDCI3, TMS) 1.27 (t, 6H), 1.51 (s, 6H), 1.91 (t, 2H), 2.35 (s, 3H), 2.85 (t, 
2H), 3.62 (s, 2H), 4.03 (m, 4H), 4.91 (s, 2H), 7.88 (s, 1H). 
31 P NMR (H-decoupled, CDCI3): 31.00 (s). 
This structure can be represented by formula: 




Example 16: Synthesis of (a 4 ,3-0-isopropvlidene-3-hydroxv-4-hydroxymethyl-2~ 
methyl-5-pyridyl)-3 -azabutylphosphonic acid 

20 ~ ^ ~ ^ ~ ^" ~ ^ ~~ "~ ~ ' ^ ~ 

The product of Example 15, of formula XIX (280 mg, 0.75 mmol) was 
stirred in a mixture of acetonitile (6 mL) and trimethylsilylbromide (TMSBr) (574 
mg, 3.75 mmol) overnight at room temperature. The solvent was evaporated and the 
crude product was purified by chromatography on silica gel using 
25 dichloromethane:methanol: water (65:35:6) giving 188 mg (91%). 

l H NMR (D 2 0) 1.65 (s, 6H), 2.02 (m,2H), 2.42 (s,3H), 3.40 (m, 2H), 4.24 (s, 2H), 

5.12 (s, 2H),8.11(s, 1H). 

3, P NMR (H-decoupled, D 2 0): 18.90 (s). 

This structure can be represented by formula: 
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10 



Example 17: Synthesis of (3-hvdroxy-4"hvdroxymethvl-2-methvl-5-pvridyl)--3- 

azabutylphosphonic acid 

The product of Example 16, of formula XX (168 mg, 0.53 mmol) was 
dissolved in acetic acid (80% in water, 10 mL) and heated to 60°C for 5 hours. The 
solvent was removed by evaporation using toluene to codistill the water. The crude 
product was purified by chromatography on C-18 reverse phase silica gel using 
methanol:water (4:1) as eluent to give 57 mg (39%). 

J HNMR (D 2 0) 2.05 (m, 2H), 2.52 (s, 3H), 3.38 (m, 2H), 4.42 (s, 2H), 4.96 (s, 2H), 
7.87(s, 1H). 

31 P NMR (H-decoupled, D 2 0): 18.90 (s). 



1 5 This structure can be represented by formula: 

QH,OH 

HO 
H 3 C 




20 Example 18: Synthesis of diethyl (a 4 ,3-0-isopropylidene-3-hydroxy-4- 

hydroxymethyl-2-methyl>5-pyridyl)-2~hydroxyethylphosphonate 

To a solution of diethyl methyl phosphite (0.29 mL, 2 mmol) in THF (20mL) 
was added BuLi (2.5 M in hexane, 0.88 mL, 2.2 mmol), followed by (ot 4 ,3-0 
25 isopropylidene-3 -hydroxy-4-hydroxymethyl-2-methyl-5-pyridyl)methanal (Kortynk 
et al, J. Org. Chem., 29, 574-579 (1964)) (414 mg, 2.mmol) and the reaction 
mixture stirred at -78°C for two hours. The solution was evaporated, dissolved in 
dichloromethane (50 mL), washed with saturated, aqueous NaHCC>3, dried (MgS0 4 ), 
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evaporated and purified by chromatography on silica gel using ethyl acetate:hexane 
(1 :2) as eluent to give 625 mg (87%). 

! H NMR(CDC1 3 , TMS) 133 (m, 6H), 1.54 (s, 6H), 2.20 (m, 2H), 2.38 (s, 3H), 4.12 
(m, 4H), 4.94 (s, 2H), 4.94 (s, 2H), 5.04 (t, 1H), 8.02 (s, 1H). 
5 3I P NMR (H-decoupled, CDCI3): 29.03 (s). 
This structure can be represented by formula: 



The product of Example 18, of structure XXII (300 mg, 0.84 mmol) was acetylated 
in pyridine (0.5 mL) and acetic anhydride (0.25 mL) at 0°C for 5 minutes followed 
by 3 hours at room temperature. The solvent was removed by evaporation using 

15 toluene to codistill the solvents and the crude product was dissolved in 

dichloromethane (10 mL). This was washed with dilute HC1 (10%, 5 mL), then 
saturated, aqueous NaHC0 3 , dried (MgS0 4 ) and evaporated. Chromatography on 
silica gel using ethyl acetate:hexane (1:1) gave 258 mg (71%). 
l H NMR(CDC1 3 , TMS) 1.21 (m, 6H), 1.54 (s, 6H), 2.03 (s,3H), 3.97 (m , 4H), 5.07 

20 (dd, 2H), 5.83 (dd, 1H), 8.02 (s, 1H). 

3, P NMR (H-decoupled, CDC1 3 ): 25.01 (s). 
This structure can be represented by formula: 




H 3 C 



10 



Example 19: Synthesis of diethyl (a 4 ,3-Q-isopropylidene-3-hvdroxv-4- 
hydroxymethyl-2-methvl-5-pvridyD-2acetoxyethylphosphonate 




25 
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Example 20: Synthesis of diethyl (a 4 ,3-Q-isopropylidene-3-hydro 



hydroxymethyl-2-methyl-5-pyridyl)-2>hydroxy"l J-difluoroethylphosphonate 



To a solution of lithiumdiisopropylamide (LDA) (2.0 M, 1 mL, 2 mmol) in 
5 THF (5 mL) was added BuLi (0.5 M, 0.2 mL, 0. lmmol). The mixture was cooled to 
-40°C followed by the addition of diethyl difluoromethyl phosphonate (0.32 mL, 2 
mmol) and the reaction mixture stirred at this temperature for 30 minutes. The 
solution was cooled to -78°C and (a 4 ,3-0-Isopropylidene-3-hydroxy-4- 
hydroxymethyl-2-methyl-5-pyridyl)methanal (Kortynk et aL, J. Org. Chem., 29, 

10 574-579 (1964)) (414 mg, 2 mmol) added in THF (2 mL). The solution was allowed 
to come to room temperature and stirred overnight. The solvent was evaporated, the 
residue dissolved in dichloromethane (20 mL), washed with saturated, aqueous 
NaHC03, dried (MgSC>4), and evaporated. Purification by chromatography on silica 
gel using ethyl acetaterhexane (2: 1) gave 528 mg (67%) 

15 ! H NMR (CDC1 3 , TMS) 1.35 (t, 3H), 1.38 (t, 3H), 1.52 (s, 3H), 1.55 (s, 3H), 2.39 
(s,3H), 4.29 (m, 4H), 4.96 (dd , 3H), 8.09 (s, 1H). 
19 F NMR (CDCI3) -125.99 (ddd), -1 14.55 (ddd). 
3l P NMR (H-decoupled, CDCI3): 7.22 (dd). 
This structure can be represented by formula: 



20 




Example 21: Synthesis of diethyl (a 4 ,3-0-isopropylidene-3-hydroxy-4- 
hydroxvmethyl-2>meaiyl-5-pyridyl)-2-oxo-l,l-difluoroethylphosphonate 

25 The product of Example 20, of structure XXIV, (420 mg, 1 .06 mmol) was 

dissolved in toluene (50 mL) and Mn0 2 (651 mg, 636 mmol) added. The mixture 
was heated to 50°C and stirred overnight. The solution was cooled, filtered (Celite) 
and the solvent evaporated to give the crude product. 'Purification by 
chromatography on silica gel ethyl acetate (1:2) gave 201 mg (48%). 

30 ! H nmr (CDC1 3 , TMS) 139 (q, 6H), 1.56 (d, 6H), 2.51 (s,3H), 4.34 (m, 4H), 5.08 
(s, 2H), 8.88 (s, 1H). 
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19 F NMR (CDCI3) -109.86 (d). 

31 P NMR (H-decoupled, CDC1 3 ): 3.96 (t). 

This structure can be represented by formula: 



5 




Example 22: Synthesis of diethyl (3-hydroxy-4-hvdroxvmethvl-2-methyl-5- 
10 pyridyl)-2-hvdroxv- 1 , 1 -difluoroethylphosphonate 

The product of Example 20, of structure XXIV (489 mg, 1.26 mmol) was 

dissolved in "acetic acid (80% in water, 20 mL) and heated at 80°C for 6 hours. The 

solvent was removed by evaporation by codistilling with toluene to remove last 
1 5 traces of acetic acid. The crude product was purified by chromatography on silica 

gel using dichloromethane:methanol:hexane (5:1:5) as eluent to give 171 mg (38%). 

*H NMR (CD3OD) 1.32 (t, 3H), 1.37 (t, 3H), 2.43 (s,3H), 4.30 (m , 4H), 4.93 (dd, 

2H), 5.39 (m, 2H), 8.07 (s, 1H). 

19 F NMR (CD3OD) -125.55 (dd), -1 15.77 (dd). 
20 31 P NMR (H-decoupled, MeOD): 7.82 (dd). 

This structure can be represented by formula: 



CHjOH OH O 
? " 8 ll/OEt 

OEt 




25 

Example 23: Synthesis of diethyl (3-hydroxy-4-Kydroxymethyl-2-methyl-5- 
pyridyQ-2-oxo- 1 i 1-difluoroethylphosphonate 

The product of Example 21, of structure XXV (198 mg, 0.51 mmol) was 

30 dissolved in acetic acid (80% in water, 20 mL) and heated at 80°C for 6 hours. The 
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solvent was removed by evaporation by codistilling with toluene to remove last 
traces of acetic acid. The crude product was purified by chromatography on silica 
gel using dichloromethanermethanolrhexane (5:1:5) as eluent to give 25 mg (14%). 
l H NMR (CDCI3, TMS) 1.38 (m, 6H), 2.37 (s,3H), 4.33 (m, 4H), 4.92 (s, 1H), 
5 7.88 (s, 1H). 

,9 F(CDC1 3 ) -118.32(d). 

31 P NMR (H-decoupled, CDCI3): 5.90 (t). • '} 

This structure can be represented by formula: 



10 




Example 24: Synthesis of diethyl (a 4 ,3-Q-isopropvlidene"2-methyl-3-hydroxy-4' 
hydroxymethvl-5-pvridylmethyDmalonate 
15 " ^ ^" ^ ' ~ ' 

To a solution of diethyl malonate (0.76 mL, 798 mg, 4.98 mmol) in 

tetrahydrofuran (THF) (5 mL) was added LDA (5 M, 1 mL, 5.0 mmol) and stirred at 

0°C for 5 minutes. (a 4 ,3-0-isopropylidene-3-hydroxy-4-hydroxymethyl-2-methyl-5- 

pyridyl)methyibromide (Imperalli et al, J. Org. Chem., 60, 1891-1894 (1995)) (1.36 

20 g, 5.0 mmol) in THF (5 mL) was added. The reaction was stirred for 2 hours at 0°C. 
The solvent was evaporated and the residue was dissolved in Et20. This was 
washed with water, dried (MgSC>4) and evaporated to give the crude product. 
Purification of the crude mixture by chromatography on silica gel column using 
diethyl ether :hexane (1:1) gave the malonate derivative 769 mg (44%). 

25 ! H NMR (CDCI3, TMS) 1.23 (t, 6H), 1.54 (s, 6H), 2.37 (s, 3H), 3.04 (d, 2H), 3.63 (t, 
1H), 4.18 (q, 4H), 4.86 (s, 2H), 7.87 (s, 1H). 

Example 25: Synthesis of morpholine pyridoxal-4,5-aminal (l-morpholino-1,3- 
dihydro-7-hydroxy-6-methylfuro(3,4-c)pyridine) 
30 A mixture of morpholine (20g) and toluene (lOOmL) was stirred and heated 

using an oil bath set to 100°C for 15 minutes. Pyridoxal hydrochloride (lOg) was 
then added and the reaction mixture was stirred at 100°C for two hours. The 
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reaction mixture was then concentrated by distillation of the toluene and 
morpholine. The concentrated reaction mixture was washed three times by adding 
toluene (lOOmL) and removing the toluene by distillation. After washing, the 
residue was dissolved in toluene and filtered, and then hexane was added until 
5 precipitation began, at which time the reaction mixture was left overnight at room 
temperature. Crystals were collected and washed thoroughly with hexane. 

Nuclear magnetic resonance spectroscopy (NMR) and masgjspectroscopy 
confirmed the identity, of the synthesized compound. The purity of the compound 
was analyzed by high performance liquid chromatography (HPLC) using a C-18 
10 reverse phase column and water/acetonitrile as solvent (1-100% acetonitrile over 25 
minutes). 

The product can be represented by the formula: 




15 

Example 26: Synthesis of the 3-toluate of the morpholine pyridoxal-4,5-aminal (1- 
morpholino-l <t 3-dihydro--7-fa-toluoyloxv)-6-methylfuro(3< > 4- 
c)pyridine) 

20 Anhydrous powdered potassium carbonate (5g), acetone (lOOmL), and 

morpholine pyridoxal-4,5-aminal (l-morpholino-l,3-dihydro-7-hydroxy-6- 
methylfuro(3,4-c)pyridine) (1.11 g, 5 mmoles) were mixed in a nitrogen-cooled, dry 
flask. The reaction mixture was cooled to between 0 and 5°C and then p-toluoyl 
chloride (1.06g, 6 mmoles) in acetone (20mL) was added. This mixture was stirred 

25 for two hours, followed by filtering out the solid and evaporating the solution to 
dryness under vacuum. The residue was chromatographed on silica gel using a 
mixture of ethyl acetate and hexane as solvent. 
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The purified solid was analyzed by thin layer chromatography (TLC), NMR, 



and mass spectroscopy. The purity of the synthesized compound was confirmed by 
HPLC as described in Example L 

The product can be represented by the formula: 



Example 27: Synthesis of the 3-toluate of pyridoxal (2-methyl-3-toluoyloxy-4- 
formyl-5 -hydroxymethylpyridine) 
Anhydrous potassium carbonate (lOg), acetone (lOOmL), and pyridoxal 
10 hydrochloride (2.03 g, 10 mmoles) were mixed in a nitrogen-cooled, dry flask. The 
mixture was cooled to between 0 and 5°C and then /?-toluoyl chloride (2.12g, 12 
mmoles) in acetone (20mL) was added. The reaction mixture was stirred for two 
hours followed by filtering out the solid and evaporating the solution to dryness 
under vacuum. The residue was chromatographed on silica gel as described in 
15 Example 2. 

The purified solid was analyzed by TLC, NMR, and mass spectroscopy. The 
purity of the compound was confirmed by HPLC as described in Example 1. 

Alternative to the above-described method, the 3-toluate of pyridoxal is. 
synthesized by reacting the compound of Example 2 with 80% aqueous acetic acid 
20 at 60°C for 30 minutes, and then diluting with water and extracting by ethyl acetate. 
The ethyl acetate layer is washed with 5% aqueous sodium bicarbonate, dried with 
magnesium sulfate, and evaporated to dryness. The compound is also analyzed as 
described supra. 




5 



H 3 C 



The product can be represented by the formula: 
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CH 2 OH 



Example 28: Synthesis of 3-/?-naphthoate of the morpholine pyridoxal-4,5-aminal 
(1-morpholino- 1 ,3-dihydro-7-(/^naphthoyloxy)-6- 
5 methylfuro(3 ,4-c)pyridine) 

Anhydrous powdered potassium carbonate (5g), acetone (lOOmL), and 
morpholine pyridoxal-4,5-aminal (1-morpholino- 1 ,3-dihydro-7-hydroxy-6- 
methylfuro(3,4-c)pyridine) (1.1 lg, 5 mmoles) were mixed in a nitrogen-cooled, dry 
flask. The mixture was cooled to between 0 and 5°C and then >#-naphthoyl chloride 
10 (1 .06g, 6 mmoles) in acetone (20mL) was added. The reaction mixture was stirred 
for two hours, and then the solid was filtered out and the solution was evaporated to 
dryness under vacuum. The residue was chromatographed according to Example 2. 

The purified solid was analyzed according to Example 2, and the purity was 
confirmed according to Example 1. 
15 The product can be represented by the formula: 




Example 29: Synthesis of the 3-jg-naphthoate of pyridoxal (2-methyl-3-/?- 
naphthoyloxy-4-formyl-5-hydroxymethylpyridine) 
20 Anhydrous potassium carbonate (lOg), acetone (lOOmL), and pyridoxal 

hydrochloride (2.03g, 10 mmoles) were mixed in a nitrogen-cooled, dry flask. The 
mixture was cooled to between 0 and 5°C and then yS-naphthoyl chloride (2.12g, 12 
mmoles) in acetone (20mL) was added and the mixture was stirred for two hours. 
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The solid was filtered out and the solution was evaporated to dryness under vacuum. 
The residue was chromatographed according to Example 2. 

The purified solid was analyzed according to Example 2, and the purity was 
confirmed according to Example 1. 
5 Alternative to the above-described synthesis, the 3-/?-naphthoate of pyridoxal 

is prepared by reacting the compound of Example 4 with 80% aqueous acetic acid at 
60°C for 30 minutes, followed by diluting with water and extracting by ethyl 
acetate. The ethyl acetate layer is then washed with 5% aqueous sodium 
bicarbonate, dried with magnesium sulfate, and evaporated to dryness. The 
10 compound is also analyzed as described supra. 

The product can be represented by the formula: 




CH 2 OH 



Example 30: Synthesis of 3-pivaloyl of the morpholine pyridoxal-4,5-aminal (1- 
15 morpholmo-13-dihydro-7-pivaloyto^ 

Anhydrous powdered potassium carbonate (5g), acetone (lOOmL), and 
morpholine pyridoxal-4,5-aminal (l-morpholino-l,3-dihydro-7-hydroxy-6- 
methylfuro(3,4-c)pyridine) (1.1 lg, 5 mmoles) were mixed in a nitrogen-cooled, dry 
flask. The mixture was cooled to between 0 and 5°C and then pivaloyl chloride 
20 (trimethylacetyl chloride) (720mg, 6 mmoles) in acetone (20mL) was added. The 
reaction mixture was stirred for two hours. The solid was then filtered out and the 
solution was evaporated to dryness under vacuum. The residue was 
chromatographed according to Example 2. 

The purified solid was analyzed according to Example 2, and the purity was 
25 confirmed according to Example 1 . 

The product can be represented by the formula: 
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Example 31: Synthesis of 3-dimethylcarbamoyl of the morpholine pyridoxal-4,5- 
aminal (1-morpholino-l 3-dihydro-7-(dimethylcarbamoyloxy)-6- 
5 methylfuroQ ,4-c)pyridine) 

Anhydrous powdered potassium carbonate (5g), acetone (lOOmL), and 
morpholine pyridoxal-4,5-aminal (l-morpholino-l,3-dihydro-7-hydroxy-6- 
methyIfuro(3,4-c)pyridine) (L 1 lg, 5 mmoles) were mixed in a nitrogen-cooled, dry 
flask. The mixture was cooled to between 0 and 5°C and then dimethylcarbamoyl 
10 chloride (642mg, 6 mmoles) in acetone (20mL) was added. The reaction mixture 
was stirred for two hours. The solid was then filtered out and the solution was 
evaporated to dryness under vacuum. The residue was chromatographed according 
to Example 2. 

The purified solid was analyzed according to Example 2, and the purity was 
15 confirmed according to Example 1. 

The product can be represented by the formula: 




H 3 C 



45 



WO 01/72309 



PCT/IB01/00688 



Example 32: Synthesis of 3-acetylsalicyloyl of the morpholine pyridoxal-4,5- 
aminal ( 1 -morpholino- 1 ,3-dihydro-7-acetylsalicyloxvV6- 
methylfuro(3,4-c)pyridine) 
Anhydrous powdered potassium carbonate (5g), acetone (lOOmL), and 
5 morpholine pyridoxal-4,5-aminal ( 1 -morpholino- 1 ,3 -dihydro-7-hydroxy-6- 

methylfuro(3,4-c)pyridine) (1.1 lg, 5 mmoles) were mixed in a nitrogen-cooled, dry 
flask. The mixture was cooled to between 0 and 5°C and then acetylsalicyloyl 
chloride (1.09g, 6 mmoles) in acetone (20mL) was added. The reaction mixture was 
stirred for two hours. The solid was then filtered out and the solution was 
10 evaporated to dryness under vacuum. The residue was chromatographed according 
to Example 2. 

The purified solid was analyzed according to Example 2, and the purity was 
confirmed according to Example 1. 



Example 33: Bioavailability of Pyridoxal-5 '-Phosphate and Pyridoxal after the 
Administration of a Compound of the Invention 
The bioavailability of pyridoxal-5 -phosphate and pyridoxal after the 
20 administration of a compound of the invention was determined by measuring 

pyridoxal-5'-phosphate and pyridoxal levels in blood plasma after administering a 
compound of the invention to rats. 

The rats studied were twelve male Sprague-Dawley rats (Charles River, 
Montreal, Canada) chosen at random. These rats were divided into four groups. 
25 The first group was administered pyridoxal-5 -phosphate (Sigma, Milwaukee, WI) 
as a control; the second group was administered 3-pivaloylaminal (synthesized 
according to Example 6); the third group was administered 3- 



The product can be represented by the formula: 




H 3 C 
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dimethylcarbamoylaminal (synthesized according to Example 7); and the fourth 
group was administered 3-acetylsalicoylaminal (synthesized according to 
Example 8). 

Approximately 24 to 48 hours prior to administering pyridoxal-5 '-phosphate 
5 or a compound of the invention to the rats, an initial blood sample (500-600 ^lL) was 
obtained from each rat. The blood samples were collected from the orbital sinus of 
each rat according to standard methods. The blood samples were placed into 
EDTA-Microtainer Brand Tubes (Becton Dickinson) and the plasma was separated 
from blood by centrifugation. The plasma samples were stored at -80°C. After 

10 withdrawal of the blood sample, each rat was then intravenously injected with saline 
in an amount equivalent to the blood withdrawn. 

Each rat fasted for eight hours prior to administering pyridoxal-5 f -phosphate 
or a compound of the invention. Each rat then received by oral gavage pyridoxal-5 1 - 
phosphate or a compound of the invention (10 mg/kg of body weight) according to 

1 5 the group with which the rat was identified. 

Blood samples were then collected from each rat as described above and 
stored as described above. Blood samples were collected at about 15, 30, 60, 180, 
360, 720, 1440, and 2160 minutes after administration of pyridoxal-S'-phosphate or 
the compound of the invention. 

20 After all samples were collected, the frozen plasma samples were thawed at 

about room temperature, and the pyridoxal-S'-phosphate and pyridoxal levels were 
determined for each sample. To determine the pyridoxal-5-phosphate and pyridoxal 
levels, the protein was first precipitated from the plasma. Each sample of protein- 
free plasma was then combined with perchloric acid and phosphate buffer. Each 

25 sample was then evaluated by high performance liquid chromotography on a C-l 8 
reverse-phase silica-gel column. Each sample was detected with excitation at 300 
mm and emission at 400 mm. The amounts of pyridoxal-S'-phosphate and pyridoxal 
were quantified using standard curve and integration of the peaks. The results are 
shown in Figures 1-4. 

30 The results show that 3-pivaloylaminal (Figure 2), 3- 

dimethylcarbamoylaminal (Figure 3), and 3-acetylsalicoylaminal (Figure 4) 
provided pyridoxal and pyridoxal-5 -phosphate levels comparable to the levels 
provided by administering pyridoxal-5'-phosphate (Figure 1). 
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Example 34: Rat model of cerebral ischemia 

Male Wistar rats (250-300g) were housed in the animal facility for a period of 12 
5 days and given food and water ab libitum. Animals were randomly assigned to 

groups (n=8/group) of a) control group b) post-ischemia PLP treatment 10 mg/kg c) 
post-ischemia PLP treatment 20kg/mg and d) post-ischemia PLP treatment 40mg/kg. 

The rats of each group were anaesthetized to surgical depth initially with 3% 
halothane, and maintained with 1.5% halothane in a 70% N 2 O/30% 0 2 (vol./vol.) 

10 mixture. Animal core temperature was maintained at approx 37°C using a heating 
pad and an overhead lamp. Temperature was measured with a rectal thermometer. 

A midline longitudinal incision of approx 2.0cm was made in the cervical area. 
Both common carotid arteries (CCA) were dissected from the surrounding tissue and 
both the right internal carotid artery (ICA) and the right external carotid artery 

1 5 (EC A) were exposed to a maximal length. Branches of the right ECA will be 

occluded with electro-coagulation and the distal portion ligated. The right CCA and 
ICA were occluded by temporary clamping, after which the distal end of the ECA 
was cut to allow catheter insertion. A loose 5.0 silk suture was tied around the 
proximal right ECA. A PE-50 catheter [Becton-Dickinson, NJ, USA] (0.3 mm O.D 

20 at the tip of the catheter and O.D. 0.97 in the catheter body) was attached to a 1mm 
syringe filled with 0.5ml bovine alpha-thrombin (Thrornbostat, Parke-Davis). 

The catheter was introduced into the ICA from the ECA and CCA via a small 
puncture and the silk suture tied around the ECA to prevent bleeding and 
dislodgement. This was followed by the removal of vascular clips from the ICA and 

25 CCA. lOul of blood was withdrawn into the catheter and kept in place for 1 5 
minutes for formation of a thrombin clot. Subsequently 17mm of the catheter 
(calculated from the puncture site) was gently advanced through the ECA and extra- 
cranial portion of the ICA to approximately 2mm from the origin of the middle 
cerebral artery. After temporary occlusion of the CCAs bilaterally to slow blood 

30 flow, the clot was introduced into the ICA. The clip of the contralateral CCA was 
removed five minutes later and the catheter was removed 10 minutes after the clot 
introduction. The ipsilateral ICA was then ligated prior to the removal of the clip on 
the right CCA, 15 minutes after clot injection. The incision was then sutured and the 
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animals allowed to recover from anesthesia whereupon they were given free access 
to food & water. 

1. Neurological Deficit Evaluation 

5 Neurological deficit evaluation was conducted at 2 and 24 hours after injection 

of thrombus. The neurological findings were scored on a four-point grade scale: no 
observable deficit — 0; forelimb flexion -1; forelimb flexion and decreased 
resistance to lateral push - 2; forelimb flexion, decreased lateral px&h resistance and 
unilateral circling in three successive trials - 3. A score of 4 was given to animals 
10 with a score of 3 plus decreased consciousness. The animals were observed for any 
other neurological abnormalities not included in the grade-scale. 

2. Measurement of infarct damage 

1 5 The infarcted brain tissue in the right MCA territory was differentiated using the 

2,3,5-triphenyltetrazolium chloride (TTC) staining method. The rats were perfused 
transcardially with 120ml 0.9% normal saline under deep anaesthesia, 24 hours after 
ischemia. The brain was then removed and cooled in ice-cold saline for 5 minutes 
after which it was dissected in the coronal plane at 2mm intervals using a rat brain 

20 matrix and stored in 10% buffered formalin for fixing. The stained sections were 
colour scanned within seven days. The 2mm thick coronal sections were placed 
directly on the scanning screen and scanned from rostral to caudal ends, with 
attention paid to soaking up formalin to prevent shadows, and the use of a black 
background. 

25 

Image contrast and brightness was adjusted with Photoshop 4.0; measurements 
were made by manually outlining the margins of infarct areas in each section. The 
total volume of infarction was determined by integrating the distance values of the 
eight chosen sections. Values were corrected for any brain edema. 

30 

3. Therapeutic Regimen: 

Control animals were given 3 mL saline (iv) at 2 hours following cerebral 
ischemia. The pre-ischemia treatment group was given PLP (lOmg/kg, iv in 3 mL) 
35 over 30 minutes 1 hour prior to ischemic insult. The post-ischemia groups received 
PLP at 5, 10, or 20 mg/kg iv at 2 hours following cerebral ischemia. 
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4. Statistical Analysis: 

All data was expressed as meaniSD. Two-tailed paired Students t-tests were 
used to compare differences between values obtained before and after treatment. 
5 Statistical analysis of more than two groups of animals were performed with 
ANOVA, with subsequent individual comparisons by Scheffe's test. Differences 
were considered significant at p>0.05. The results of the effect of PLP on infact 
volume reduction are shown in Table 1, 

10 Table 1 





Infarct Volume (mean) 


Infarct Volume 
(standard deviation) 


Control group 


37.74%, 


11.3 


lOmg/kg treatment group: 


28.25%, 


9.30 


20mg/kg treatment group 


27.4%, 


13.1 


40mg/kg treatment group: 


19.3%, 


11.02 



5. Neurobehavioral Scores 

15 Score decreased from 3.6 to 3 in the lOmg/kg group, from 3.8 to 3 in the 20 

mg/kg group, and from 3.8 to 1.9 (p<0.001) in the 40 mg/kg group. There was no 
difference in the number of seizures in any of the three groups. The risk of 
hemorrhage did not increase with higher doses. There was a trend towards decreased 
mortality (2 in control group, 3 in 10 mg/kg group, 1 in 20 mg/kg group, 0 in 40 

20 mg/kg group). 

As shown in the above example, infarct reduction was statistically significant at 
40mg/kg dose. Furthermore, there was a dose-dependant therapeutic effect of PLP 
on infarct size and neurobehavioral activity. 
25 Pyridoxal-5-phosphate in the rat model of ischemia and reperfusion injury 

demonstrates anti-ischemic effects and benefits against ischemia reperfusion injury. 
Thus, treatment with pyridoxal-5-phosphate, compounds capable of increasing the 
levels of pyridoxal-5-phosphate in vivo, or compounds capable of mimicing the 
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biological activity of pyridoxal-5-phosphate are beneficial against the pathology of 
cerebral stroke. 

Although embodiments of the invention have been described above, it is not 
limited thereto, and it will be apparent to persons skilled in the art that numerous 
5 modifications and variations form part of the present invention insofar as they do not 
depart from the spirit, nature and scope of the claimed and described invention. 
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WE CLAIM: 



1. A method of treating cerebral ischemia, cerebral hemorrhage, ischemic 
stroke, or hemorrhagic stroke in a mammal comprising administering a 

5 therapeutically effective amount of at least one of pyridoxal-5'-phosphate, pyridoxal, 
pyridoxine, or pyridoxamine. 

2. The method of claim 1, wherein said therapeutically effective amount is in a 
range of about 0.5-100 mg/kg per day of the mammal's body weight. 

10 

3. The method of claim 1, wherein said compound is administered enterally or 
parenterally. 



4, A method of treating cerebral ischemia, cerebral hemorrhage, ischemic 
15 stroke, or hemorrhagic stroke in a mammal comprising administering a 
therapeutically effective amount of at least one compound of the formula 

CHO 




wherein 

Ri is alkyi or alkenyl, in which alkyl or alkenyi can be interrupted by 
20 nitrogen, oxygen, or sulfur, and can be substituted at 

the terminal carbon by hydroxy, alkoxy, 
alkanoyloxy, alkanoyloxyaryl, alkoxyalkanoyl, 
alkoxycarbonyl, or dialkylcarbamoyloxy; 

alkoxy; 

25 dialkylamino; 

alkanoyloxy; 

alkanoyloxyaryl; 

alkoxyalkanoyl; 

alkoxycarbonyl; 
30 dialkylcarbamoyloxy; 
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aryl, aryloxy, aryithio, or aralkyl,in which aryl can be substituted by 
alkyl, alkoxy, amino, hydroxy ,halo, nitro, or 
alkanoyloxy; or 

a pharmaceutically acceptable salt thereof. 

5 

5. The method of claim 4, wherein said Ri is phenyl or naphthyl in which 
phenyl or naphthyl is unsubstituted or substituted by one or more gp>ups of 
alkyl, Cm alkoxy, amino, hydroxy, halo, nitro, or C1-4 alkanoyloxy. 

10 6. The method of claim 4, wherein said Ri is (2-acetoxy-2-methyl)propanyl, 
dimethylamino, or 1-ethanoyloxy-l-methylethyL 

7. The method of claim 4, wherein said R\ is fert-butyl. 

15 8. The method of claim 4, wherein said Ri is methoxy or ethoxy. 

9. The method of claim 4, wherein said Ri is toluyl, naphthyl, phenyl, 
acetylphenyl, or 1-ethanoyloxyphenyl. 

20 10. The method of claim 4, wherein said Ri is acetylsalicyl, dimethylamino, or 
2,2-dimethylethyl. 

1 1 . The method of claim 4, wherein said compound is 2-methyl-3-toluoyloxy-4- 
formyl-5-hydroxymethylpyridine. 

25 

12. The method of claim 4, wherein said compound is 2-methyl-3-^- 
naphthoyloxy-4-formyl-5-hydroxymethylpyridine. 

13. The method of claim 4, wherein said therapeutically effective amount is in a 
30 range of about 0.5-100 mg/kg per day of the mammal's body weight. 

14. The method of claim 4, wherein said compound is administered enterally or 
parenterally. 
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15. A method of treating cerebral ischemia, cerebral hemorrhage, ischemic 
stroke, or hemorrhagic stroke in a mammal comprising administering a 
therapeutically effective amount of at least one compound of the formula 




wherein 

Ri is alkyl or alkenyl, in which alkyl or alkenyl can be interrupted by 

nitrogen, oxygen, or sulfur, and can be substituted at 
10 the terminal carbon by hydroxy, alkoxy , 

alkanoyloxy, alkanoyloxyaryl, alkoxyalkanoyl, 
alkoxycarbonyl, or dialkylcarbamoyloxy; 

alkoxy; 
dialkylamino; 
15 alkanoyloxy; 

alkanoyloxyaryl; 
alkoxyalkanoyl; 
alkoxycarbonyl; 
dialkylcarbamoyloxy; 

20 aryl, aryloxy, arylthio, or aralkyl,in which aryl can be substituted by 

alkyl, alkoxy, amino, hydroxy,halo, nitro, or 
alkanoyloxy; and 
R 2 is a secondary amino group; or 
a pharmaceutically acceptable salt thereof. 

25 

16. The method of claim 15, wherein said Ri is phenyl or naphthyl in which 
phenyl or naphthyl is unsubstituted or substituted by one or more groups of C1-4 
alkyl, C1-4 alkoxy, amino, hydroxy, halo, nitro, or C1-4 alkanoyloxy. 
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* 17. The method of claim 15, wherein said Rj is (2-acetoxy-2-methyl)propanyl, 
dimethylamino, or 1 -ethanoyloxy- 1 -methylethyl. 

18. The method of claim 15, wherein said wherein Ri is terf-butyl. 

5 

19. The method of claim 15, wherein said wherein R] is methoxy or ethoxy. 

20. The method of claim 15, wherein said Ri is toluyl, naphthyl, phenyl, or 1- 
ethanoyloxyphenyl. 

10 

21 . The method of claim 15, wherein said R\ is dimethylamino, acetylsalicyl, or 
2,2-dimethylethyl. 

22. The method of claim 15, wherein said R2 is a group of the formula 

N— 

15 

wherein R3 and R4 are each independently alkyl or when taken together form a ring 
with the nitrogen atom and which ring may optionally be interrupted by a nitrogen 
or oxygen atom. 

20 23. The method of claim 15, wherein said R 2 is piperidino. 

24. The method of claim 1 5, wherein said R 2 is morpholino or piperazino. 

25. The method of claim 15, wherein said compound is 1 -morpholino- 1,3- 
25 dihydro-7-(p-toluoyloxy)-6-methylfuro(3,4-c)pyridine. 

26. The method of claim 15, wherein said compound is 1 -morpholino- 1,3- 
dihydro-7-(>5-naphthoyloxy)-6-methylfuro(3,4-c)pyridine. 

30 27. The method of claim 15, wherein said compound is 1 -morpholino- 1,3- 
dihydro-7-pivaloyloxy-6-methylfuro(3,4-c)pyridine. 
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28. The method of claim 15, wherein said compound is 1 -morpho lino- 1,3- 
dihydro-7-(dimethylcarbamoyloxy-6-methy 

29. The method of claim 15, wherein said compound is l-morpholinQ-1,3- 
5 dihydro-7-acetylsalicyloxy-6-methylfuro(3,4-c)pyridine. 

30. The method of claim 15, wherein said therapeutically effective amount is in a 
range of about 0.5-100 mg/kg per day of the mammal's body weight. 

10 31. The method of claim 15, wherein said compound is administered enterally or 
parenterally. 

32. A method of treating cerebral ischemia, cerebral hemorrhage, ischemic 
stroke, or hemorrhagic stroke in a mammal comprising administering a 
15 therapeutically effective amount of at least one compound of the formula 




wherein 



20 



Ri is hydrogen or alkyl; 

R 2 is -CHO, -CH 2 OH, -CH 3 , -C0 2 R<3 in which Re is hydrogen, alkyl, or aryl; 



or 



R 2 is -CH 2 X)-alkyl- in which alkyl is covalently bonded to the oxygen at the 



3-position instead of Rj; 
R3 is hydrogen and R4 is hydroxy, halo, alkoxy, alkanoyloxy, alkylamino or 



25 



arylamino; or 
R3 and R4 are halo; and 

Rs is hydrogen, alkyl, aryl, aralkyl, or -C0 2 R7 in which R7 is 



hydrogen, alkyl, aryl, or aralkyl; 
or a pharmaceutical^ acceptable salt thereof. 



30 



33. 



The method of claim 32, wherein said Ri is hydrogen. 
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34. The method of claim 32, wherein said R 2 is -CH 2 OH, or -CH 2 .0-alkyl- in 
which alkyl is covalently bonded to the oxygen at the 3-position instead of Rj. 

5 35. The method of claim 32, wherein said R 3 is hydrogen and R4 is F, MeO-, or 
CH 3 C(0)0-. 

36. The method of claim 32, wherein said R3 and R4 are F. 
10 37. The method of claim 32, wherein said R5 is alkyl or aralkyl. 
38 The method of claim 32, wherein said R5 is t-butyl or benzyl. 



39. A method of claim 32, wherein said compound is 

H3I 



15 



H 3 C- J [^ > OH 



-t-butyl 
O-t-butyl 





O-benzyl 



|| O-benzyl 
O 



O-benzyl 



|| O-benzyl 
O 
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40. The method of claim 32, wherein said therapeutically effective amount is in a 
range of about 0.5-100 mg/kg per day of the mammal's body weight. 
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41. The method of claim 32, wherein said compound is administered enterally or 
parenterally. 

5 42. A method of treating cerebral ischemia, cerebral hemorrhage, ischemic 
stroke, or hemorrhagic stroke in a mammal comprising administering a 
therapeutically effective amount of at least one compound of the formula 

^2 



30 



H 3 C 



10 wherein 

Ri is hydrogen or alkyl; 

R 2 is -CHO, -CH 2 OH, -CH 3 or-C0 2 R 5 in which R 5 is hydrogen, alkyl, or 
aryl; or 

R 2 is -CH 2 .0-alkyl- (in which alkyl is covalently bonded to the oxygen at the 
15 3-position instead of Ri); 

R3 is hydrogen, alkyl, aryl, or aralkyl; 

R4 is hydrogen, alkyl, aryl, aralkyl, or ^C0 2 R6 in which R$ is 

hydrogen, alkyl, aryl, or aralkyl; and 
n is 1 to 6; 

20 or a pharmaceutical^ acceptable salt thereof. 

43. The method of claim 42, wherein said Ri is hydrogen. 

44. The method of claim 42, wherein said R 2 is -CH 2 OH, or -CH 2 -0-alkyl- in 
25 which alkyl is covalently bonded to the oxygen at the 3-position instead of Ri . 

45. The method of claim 42, wherein said R 3 is hydrogen. 

46. The method of claim 42, wherein said R4 is alkyl or H. 



47. The method of claim 42, wherein said R4 is ethyl. 
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48. The method of claim 42, wherein said compound is 




10 

49 The method of claim 42, wherein said therapeutically effective amount is in a 
range of about 0.5-100 mg/kg per day of the mammars body weight. 

15 50. The method of claim 42, wherein said compound is administered enterally or 
parenterally. 

51. A method of treating cerebral ischemia, cerebral hemorrhage, ischemic 
stroke, or hemorrhagic stroke in a mammal comprising administering a 
20 therapeutically effective amount of at least one compound of the formula 
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R 4 R 6 OR, 



in which 

R] is hydrogen or alkyl; 

R 2 is -CHO, -CH 2 OH, -CH 3 or -C0 2 R$ in which R 8 is hydrogen, alkyl, or 

i 

5 aryl; or 

R 2 is -CH 2 .0-alkyl- in which alkyl is covalently bonded to the oxygen at the 

3-position instead of Ri; 
R3 is hydrogen and R4 is hydroxy, halo, alkoxy or alkanoyloxy; or 
R 3 and R4 can be taken together to form =0; 
10 R 5 and R* are hydrogen; or 

R5 and R* are halo; and 

R 7 is hydrogen, alkyl, aryl, aralkyl, or -CO2R8 in which Rg is 

hydrogen, alkyl, aryl, or aralkyl; 
or a pharmaceutically acceptable salt thereof. 

15 

52. The method of claim 51, wherein said Ri is hydrogen. 

53. The method of claim 51, wherein said R 2 is -CH 2 0 or -CH 2 .0-alkyl- in 
which alkyl is covalently bonded to the oxygen at the 3-position instead of Ri. 

20 

54. The method of claim 5 1 , wherein said R4 is -OH or CH 3 C(0)0. 

55. The method of claim 51, wherein said R3 and R4 taken together form =0. 
25 56. The method of claim 51, wherein said R 5 and R$ are F. 

57. The method of claim 51, wherein said R 7 is alkyl. 

58. The method of claim 51, wherein said R 7 is ethyl. 



30 



59. The method of claim 51, wherein said compound is 
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60. The method of claim 51, wherein said therapeutically effective amount is in a 
10 range of about 0.5-100 mg/kg per day of the mammal's body weight 

61. The method of claim 51, wherein said compound is administered enterally or 
parenterally. 

15 62. A pharmaceutical composition comprising a pharmaceutically acceptable 
carrier and a therapeutically effective amount of at least one of pyridoxal-5'- 
phosphate, pyridoxal, pyridoxine, or pyridoxamine. 

63. A pharmaceutical composition comprising a pharmaceutically acceptable 
20 carrier and a therapeutically effective amount of at least one compound of the 
formula 
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CHO 



wherein 

Ri is alkyl or alkenyl, in which alkyl or alkenyl can be interrupted by 

nitrogen, oxygen, or sulfur, and cai>be substituted at 
5 the terminal carbon by hydroxy, alkoxy, 

alkanoyloxy, alkanoyloxyaryl, alkoxyalkanoyl, 
alkoxycarbonyl, or dialkylcarbamoyloxy; 

alkoxy; 
dialkylamino; 
10 alkanoyloxy; 

alkanoyloxyaryl; 
alkoxyalkanoyl; 
alkoxycarbonyl; 
dialkylcarbamoyloxy; 

15 aryl, aryloxy, arylthio, or aralkyl,in which aryl can be substituted by 

alkyl, alkoxy, amino, hydroxy,halo, nitro, or 
alkanoyloxy; or 
a pharmaceutically acceptable salt thereof. 

20 64. A pharmaceutical composition comprising a pharmaceutically acceptable 
carrier and a therapeutically effective amount of at least one compound of the 
formula 




wherein 

25 Ri is alkyl or alkenyl, in which alkyl or alkenyl can be interrupted by 

nitrogen, oxygen, or sulfur, and can be substituted at 

the terminal carbon by hydroxy, alkoxy, 
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alkanoyloxy, alkanoyloxyaryl, alkoxyalkanoyl, 
alkoxycarbonyl, or dialkylcarbamoyloxy; 



10 



15 

65. 



alkoxy; 

dialkylamino; 

alkanoyloxy; 

alkanoyloxyaryl; 

alkoxyalkanoyl; 

alkoxycarbonyl; 

dialkylcarbamoyloxy; 

aryl, aryloxy, arylthio, or aralkyl,in which aryl can be substituted by 
alkyl, alkoxy, amino, hydroxy ,halo, nitro, or 
alkanoyloxy; and 

R 2 is a secondary amino group; or 

a pharmaceutically acceptable salt thereof. 

A pharmaceutical composition comprising a pharmaceutically acceptable 
and a therapeutically effective amount of v at least one compound of the 



Ri is hydrogen or alkyl; 

R 2 is -CHO, -CH 2 OH, -CH 3 , -CO2R6 in which R* is hydrogen, alkyl, or aryl; 
or 

R 2 is -CH 2 -0-alkyl- in which alkyl is covalently bonded to the oxygen at the 

3-position instead of Ri; 
R 3 is hydrogen and R4 is hydroxy, halo, alkoxy, alkanoyloxy, alkylamino or 

arylamino; or 
R3 and R4 are halo; and 

R 5 is hydrogen, alkyl, aryl, aralkyl, or -C0 2 R? in which R7 is 
hydrogen, alkyl, aryl, or aralkyl; 



formula 




20 



wherein 
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or a phannaceutically acceptable salt thereof. 



66. A pharmaceutical composition comprising a phannaceutically acceptable 
carrier and a therapeutically effective amount of at least one compound of the 
formula 

R, 



H 3 C N 

wherein 

Ri is hydrogen or alkyl; 

R 2 is -CHO, -CH 2 OH, -CH 3 or -C0 2 R 5 in which R 5 is hydrogen, alkyl, or 
10 aryl; or 

R 2 is -CH 2 .Oalkyl- (in which alkyl is covalently bonded to the oxygen at the 

3-position instead of Ri); 
R 3 is hydrogen, alkyl, aryl, or aralkyl; 

R4 is hydrogen, alkyl, aryl, aralkyl, or -CO2R6 in which R^ is 
15 hydrogen, alkyl, aryl, or aralkyl; and 

n is 1 to 6; 

or a pharmaceutically acceptable salt thereof. 

67. A pharmaceutical composition comprising a pharmaceutically acceptable 
20 carrier and a therapeutically effective amount of at least one compound of the 
formula 




R 4 R 6 OR, 



in which 

25 Ri is hydrogen or alkyl; 

R 2 is -CHO, -CH 2 OH, -CH 3 or -C0 2 Rs in which R 8 is hydrogen, alkyl, or 

aryl; or 
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R 2 is -CH 2 .0-alkyl- in which alkyl is covalently bonded to the oxygen at the 

3-position instead of Ri; 
R 3 is hydrogen and R4 is hydroxy, halo, alkoxy or alkanoyloxy; or 
R 3 and R4 can be taken together to form =0; 
5 R5 and R$ are hydrogen; or 

R 5 and R6 are halo; and 

R 7 is hydrogen, alkyl, aryl, aralkyl, or -CO2R8 in which Rg is 

hydrogen, alkyl, aryl, or aralkyl; 
or a pharmaceutically acceptable salt thereof. 
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